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PREFACE. 

llxiKiiimiit.il  i)liy>i()l(>K>  i-  "<>^v  n-coj^niztd  .i>  .i  liiiidanu'iital 
Mihjirt  in  tlu-  curriculum  of  the  imdical  student  and  as  one  having 
a  most  important  place  in  the  training  of  the  student  of  hiolo^y. 
In  tlie  medical  course,  the  physiological  lal)oratory  serves  as  the 
portal  to  the  clinic:  as  the  testing  KTound  where  the  student  may 
try  for  himself  in  how  far  the  known  laws  of  physics  and  chemistry 
«an  he  successfulK  employed  to  explain  the  normal  workini;  of  the 
human  macliine.  No  more  can  theoretical  study,  or  demonstra- 
tion, l)y  itself  supply  a  correct  understanding  of  the  functions  of 
the  livin^j  hody  than  ccuild  similar  methods  in  training  an  euRincer 
to  understand  an  enjjine.  Attempts  to  rectify,  by  operations  or 
by  drugs,  functional  derangement  in  the  diseased  .mimal  without 
a  practical  knowledge  oi  the  normal  working  of  the  \-.irious  organs, 
lioth  isolated  and  as  a  whole  must  he  as  unjustifiahle  .is  .it tempting 
to  n-pair  a  complicated  piece  of  machinery  would  he  hy  any  other 
th.iii  a  practical  engineer. 

In  the  training  of  the  biologist,  experimental  physiology  finds 
its  value  because  it  teaches  how  to  interpret  the  relationshij)  be- 
tween structure  and  function.  P'or  the  advancement  of  physio- 
logical knowledge  it  is  essential  that  the  functions  of  the  lower 
animals  should  he  more  intensively  investigated  by  those  who 
have  l)een  trained  in  the  methods  of  the  experimental  physiologist. 

In  the  crowded  curriculum,  either  of  medicine  or  of  biology,  it 
is  impossible  to  find  an  amount  of  time  that  is  sufficient  for  the 
performance  of  more  than  a  few  of  the  fundamental  experiments 
in  each  of  the  main  subdivisions  of  the  subject  of  physiology. 
It  is  the  duty  of  the  teacher,  therefore,  to  select  thise  experiments 
with  the  greatest  care  so  that  the  experience  which  tht'  student 
gains  in  their  performance  m.iy  guide  him  aright  in  building  up 
his  knowledge  of  this  subject.  The  exinrience  gained  in  the  Ial)ora- 
tory  is  to  ser\e  as  the  framework  ujion  which  the  detailed  con- 
struction is  to  be  completed  by  fitting  on  to  it  in  their  proper  re- 
lationship to  one  another  the  other  facts  of  physiological  know- 
ledge, ac(iuired  hy  theoretical  study  and  demonstration. 
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Wliili-  .olmillini;  llir-.-  pi  im  ipli-  -oiiir  h,i\f  .istrrcd  lli.tl  tlif 
i,.liiii<,il  (IiIIk  iiliit --  ><i  « Apt  limtiii.il  p!i\-^i(.l(.^\  .in-  -^ik  li  .i>-  to 
mik'-  ii  lmpu--ililf  tut  ill.'  ,i\  cimuc  iiir(li(,il  ^Imlfiit  t<>  sci  mc  .1 
-iitlii  i(  III  iiiiiiiliii  "I  n-~iill-  In  ',ii-.lil>  thr  i\prii(lilurc  ril  time  .m<l 
tiniL;\  rt(|uii»<l  in  lli<  LiIidtmIhia  .  Tlii-^  i-^  .t  t.ill.ii  ioii^  crilii  Imm 
Idl  il  .1--IIIIU-  ill. It  t\ir\  tApcrimciil  In  Ik'  ot  \.llllc  >hnllltl  Ik- 
(fouiHil  li\  ri^iili--  lliat  ,ia'  ti'(  liiiic  .ilK  tl.iult-<>.  .md  it  l.iil>  to 
rirni;iii/f  ill. it  till-  pt  rlnrm.iiu  r  of  thf  uork.  il  (.intiilK  .iiid  iii- 
t(lli^;(iilU  (liiiH,  .itinr(l>  that  i)cr->oii.il  t'xptrii'iu f  uiilioiit  whiili. 
in  .1  liiv;lil\  |)r,n  tii.il  m  itiu  c  likr  niidii  iiu-,  tluori'tit  .il  kiiouicd^jr 
li\    ii-(ll   i-  \,iliult->  .111(1  without   iiU'.iiiinK- 

I  lure  i-.  h(i\\»\ir,  no  siilijrct  of  tin-  nu(li(  .il  i  iirrii  iiluni  in 
whiih  the  ori;,ini/.ition  .md  ,irrany;tiiunt  of  l.il)or.itor\-  ((HirM>  i-- 
nioif  ditticult  lor  cl.issis  of  a\t'r.i>;i'  ■-'t/v  th.m  in  physiology.  In 
jjlu'-iis  and  iluini>lry,  .is  wt'll  as  thf  v.irioiis  niorpholoiLjic.il  siih- 
jt(  I-,  tin-  ni.itiri.il  for  thr  labor.Uory  course  is  constantly  axailahic. 
,ii;d  I  .111  111'  >toicd  .iw.iy  for  future  use.  where.is  in  physiology  li\iiiK 
ni.iuri.il  must  lie  jirovided  .ifnsh  for  e.ich  experiment  and  there 
must  he  const. int  >uper\  isioi\  of  the  practical  work  to  see  th.it  the 
m.iteri.d  is  projurK  used.  This  recpiires  that  the  student  he 
a(Kr|u.itel\(lii  tid  .is  to  how  he  should  proceed  with  the  ex[M'riment 
without  .It  the  s.ime  time  stilling  orinin.ility  on  his  p.irt  hy  re- 
(|uirin^;  him  explicitK'  to  follow  det.iili'd  directions  in  every  step. 
The  exiuriment  is  of  no  v.ilue  unK'ss  it  is  performed  with  an  inipiir- 
in^  .ittitude  of  mind,  .ind  lahor.itory  directions  and  instruction 
should  he  no  fuller  th.m  is  necessary  to  j^uide  the  student  in  its 
^I'lur.il  performance. 

It  is  with  lluse  reiiuirements  in  view  that  the  present  volume 
h.is  heen  comi)iled,  and  while  the  authors  realize  full  well  its  man\ 
shortcominjis  the\  ho|)e  th.it  the  practical  instruction,  not  only  in 
their  own  lahoratories,  hut  also  in  those  of  other  institutions  may 
he  .issisteil  hy  its  puhlication. 

The  work  is  arran^a-d  in  sections,  each  of  which  deals  with 
some  special  p.irt  of  the  suhject,  this  plan  heing  adopted  hecause 
it  h.is  heen  found  the  most  practicahle  for  courses  designed  for 
l.irne  elementary  d.isses,  as  well  as  for  smaller  groups  of  more 
ad\.uiced  students.  The  first  section  deals  with  the  fundamental 
e\i)eriments  in  the  physiology  of  isolated  muscle  and  nerve,  placed 
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ill    till-   |iip^ilin||    llnl    lui.illH     tlli-   i-    tilt     -.ilUpIt  -t    p.irt    ol    tin     -^lll-itlt 

III  |)li\ '•ioln^y  to  imdi  i>t,m(l,  Imt  l>t(  .iii-i-  it  i--  tlif  t-.i^it  -t  to  pr(i\  i(U" 
m.ittri.il  for  .iiid  tlitrtloir  llic  Im>i  in  \\lii(li  lo  jK-rmit  of  snltii  icnt 
|ir,i(  tire,  -o  til,  1 1  ih(  ^iii(l(  lit  iii.iN  Ik  (diiif  1. 1  miliar  v  ith  the  iintlKxIs 
of  |ili\  Hi(i|Mv;i(  ,ii  l((  lnii(|iif.  Tlif  two  tollovviiij;  ^<(ti(»ii>  deal  with 
t  -^iiitial  lAiMriiiuiit-  illiixtraliii^  lln'  |)riii(iplf>  of  (lie  lu'art  Itrat 
.iihI  till-  (  in  ul.itioii  ot  till-  lilood.  In  ?-tlf(tiii^;  t\iH-rim(iit>  in  tlu' 
la>t  iiK  Mtioiifd  ^roiij)  tlic  ciidfaxoiir  ha--  iK'tii  iii.i<lr  to  .ippK  tlu'iii. 
a-  lar  .i>  pos-iliic,  to  in.m.  A  <(rtaiii  iiiiiiilur  ot  (■\pirimtiit>  in 
\\lii(h  oilur  niaminali.m  inatrrial  !>  used  is,  lio\vf\fr,  »>Miitial  in 
order  lliat  tin-  >Hidfnt  ni.iy  !>«•  in  .i  position  to  appriTi.ttc  tlu- 
sij;niti(  aiK  (•  of  results  \\lii(li  will  later  he  (leinon>trated  to  liini. 
Tlu  se  d(  inoiistratioiis  are  (UxriUed  in  tlie  last  seitions  ol  the 
niaiuial  in  sutlicii'iit  detail,  so  that  tlu'  \  arious  ste|)s  !na\  1k'  followed 
1)\-  e\try  student  of  the  K''"*''al  loursi-  and  the  experiments  may 
hi'  performed  hy  sm.dl  ^Toups  of  more  ad\anced  students. 

In  the  experimtnts  on  the  central  nerxous  system  the  dec  ere- 
Iirate  or  sjjinal  animal  is  e\tensi\t'ly  made  use  of,  as  recomuuiidid 
Iiy  (".  S.  Sherrin^;ton  whose  work  in  this  direction  must  he  con- 
sidered a~  the  most  import. mt  conlrihution  th.it  h.is  recently  heen 
m.ide  to  the  ,id\,incemint  of  the  teaching;  of  pr.u  tical  physiology. 
In  the  section  on  thi'  s|)eci.il  siiises  a  rel.itivtly  l.ir^ir  proportion  of 
thioreticil  m.ittir  is  ^ixi'ii.  alon^  with  the  directions  for  the  exi)eri- 
ments.  [lartly  hec.mse  the  l.itter,  iK-in^  i)ractically  all  suhjective 
in  n.iliire.(  .miiot  he  performed  unless  the  studiiit  understands  fully 
wh.it  he  is  looking'  tor,  and  partly  hecause  most  of  them  can,  and 
should  Ik   pirformed  in  the  study  rather  than  the  l.il)orator\  . 

.\  ^re.it  (lit'ficult\  h.is  always  heen  felt  hy  instructors  in  i)hysi- 
o'oiiN  in  .It tempting;  to  supply  simjile  experiments  hearing;  on 
the  chemistry  of  resi)ir.ition  .iiul  yvl  there  is  no  |)<in  of  ph>siolo>;y 
in  which  pr.ictic.d  exi)erieiice  is  more  important,  if  the  student  is 
to  understand  the  principles  of  this  ditVicult  suhject.  .A  s<'ction  of 
the  111. mil, il  is  dcNoteil  to  experiments  in  which  simplit'ied  and  inex- 
l)ensi\e  .ipp.ir.itus  for  ^as  an.ihsis  is  employed. 

ThrouKhout  the  hook,  hesides  the  directions  for  the  exi)eri- 
nunts,  .1  hrief  statement  is  jjiveii  of  thc'  theoretical  m.itter  which 
he.irs  on  them.  Thi.-  is  done  to  enahle  the  student  to  appreciate 
the  ohject  ot   thi'  exjieriment  and  to  guide  him  in  the  interpretation 
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ol  ilir  r.-.ill ;  IpmI  the  l.iti'r  i^  not  .IrMrilu'.!  in  .l.t.iil,  thi.  IkIhk  Irft 
|..r  till-  ^iii.l.iit   I..  .Itttiiniiu-  !nr  hiniscll 

Willi,  ill.-  K'  i"'-'l  i'l'"'  •""'  .•rr.ln^;.•Innlt  ..I  tlif  Ix.-.k  i-.  ili.  w..rk 
,,l  ,lu  aullior^  ininiK  ,  .m.  Ii  .mlli<.r  is  r»>|>..nMl.lr  for  .irt.iin  <  li.ipt.rs 
.,s  iii.li..t!..l  l.v  tlif  initials  Kiv«M  ill  thr  t.il.lr  ..f  ...ntiiits. 

riif  ..iiilKir-  wish  t..  .xpriss  ih.ir  th.mks  !<•  Miss  M.iru.n  I- 
Arm.-ur  l,.r  the  .arc  aii.l  i.ali.iuf  wlii.  h  slu-  bisfwid  in  tlu-  pn- 
p.,rati..ii  ..I  til.-  .IrawiiiKs  f..r  tin-  illustrations,  many  <.f  whi.  li  arr 
o.iKinal  whil.'  ..tluTs  an-  .npir.!  tnnn  ..tli.r  t.xts,  a.  km.wK-.lgimnt 
for  wliiili  is  v.\\r\\  in  tin-  K-m'ii'ls. 

Tlu-y  wish  also  to  thank  Miss  J.an  Halli.lay  lor  h.r  assistanc*- 
,nv;iiiK  llu-  iiuii'X  -hkI  corr.MiinK  the  i)rool.     Th.y  .in-  iii.U-l.t.-.l 


in  arr. 


to  Dr.  I.  1*.  Iasfnl>iTK*-r  tor  a  tin.'.!  r.-ailin^  ot  tlu-  proot. 


Tlu-  I'nis.-rsitirs  of  BiilTato 
and   Toronto. 


lots  M(  I'm DKW  1-"rasi:r. 
I  .  A.   Martman. 
J.  J.  K.  Macu-:()I). 
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SKCTIOX   I. 

CHAPTER    I. 

PRELIMINARY  TECHNIQUE. 


Electrical  Stimulation.  -In  txpcTinu-ntal  physiology  it  is 
lu-ccssury  in  nuuu  instances  to  employ  an  artificial  stinuilus  in 
order  to  inw^v  action  of  the  tissue  studied.  Many  kinds  of  stinuili 
are  capable  of  this,  but  most  of  them  have  their  objections  when 
used  i' -  stimuli  of  ner\e  or  muscle.  Mechanical,  chemical  and 
thermal  stinuili  are  all  more  or  less  injurious.  Moderate  electrical 
stimulation  on  the  other  hand  brings  these  ti.ssues  into  action 
without  appreciable  injury.  .As  this  is  the  means  by  which  the 
tissut  tre  usually  stimulated,  we  will  discuss  briefly  the  principles 
invoked  in  the  more  important  pieces  of  electrical  apparatus 
employed. 

For  a  source  of  current  either  a  dry  cell  or  a  dynamo  may 
be  usetl.  .A  dry  cell  is  essentially  a  large  zinc  cup  serving  as 
container  in  which  is  suspended  a  carbon  cylinder.  A  small  aniount 
of  water  containing  ammonium  chloride  held  by  gelatin  or  scdne 
inert  substance  fills  the  rest  of  the  container.  .A  dry  cell  is 
essentially  a  wet  cell,  but  with  the  water  protected  from  spilling 
by  the  gelatin  "sponge".  Whenever  the  carbon  and  zinc  are  con- 
nected b\  a  conductor,  electrical  energy  is  set  free  by  the  solution 
and  is  transmitted  along  the  conductor.  It  has  been' found  that 
if  a  live  niuscU:  is  placed  in  the  electrical  circuit  that  the  ti>sut'  will 
be  stimulated  at  the  time  the  circuit  is  made  and  again  when  it  is 
broken  provided  the  current  is  great  enough. 

Two  important  factors  must  be  kept  in  mind  in  the  use  of  an 
electric  current,  the  resistance  of  the  tissue  and  the  "pressure" 
of  the  current.  The  unit  of  "pressure"  is  the  volt.  Therefcjre  the 
.tiVii/iiiii  uf  prcivsurc  i6  called  the  voltage.  By  increasing  the  \oUage 
the  penetrating  power  is  increased  and  thus  the  physiologic.d  effect 
augmented.     If  the  resistance  of  the  tissue  is  high  as  in  dr\-  skin,  a 
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^;rf.it<T  \()lta^f  is  iifci-ss>ir\-  than  if  the  skin  had  bi'i-n  moistened, 
heraiix'  moist  >kin  is  a  better  conductor.  Dry  tells  are  made  to 
^i\e  in  tlii'  neighbourhood  of  one  or  two  volts,  (ireater  voltage 
in  a  (ire  uit  c.ui  be  obtained  b\-  connecting  two  or  more  cells  in 
serit>,  i.e.,  /in(    l>>  carI)on. 

Ill  nio^l  ol  \our  work  the  current  generated  by  dynamos  in 
the  power  plant  will  be  used.  At  each  working  place  two  wires 
from  the  m.iin  line  are  connected  with  a  metal  riblion  of  high 
resi>tanci'.  Terminals  are  arranged  so  that  different  proportions 
of  this  ribbon  can  1h'  used  in  the  circuit,  thus  \arying  the  amount 
of  Miitage.  Tlu-  amount  of  voltage  obtained  can  be  estimated  by 
adding  tiie  total  xoltages  between  the  two  terminals  emplo\ed. 
The  following  di.igram  gives  the  voltages  between  terminals. 
T  rejjresents  the  terminals  as  arranged  on  the  table, 
r  S  r  H  T  4  T  4  T  4  T  2  T  2  T 
a         b        c         d        e         f         g        h 

To  illustrate  the  method  of  finding  voltage,  connecting  a  to  f 
gi\t's  28  \(ilts;  f  to  h,  4  \-olts;  d  to  e,  4  volts. 

Besides  the  direct  current  one  can  use  the  induced  current  for 
stinuil.ilion.  It  is  well  known  that  if  one  wire  is  placed  near 
another  wire  which  carries  a  current,  a  brief  current  is  induced  in 
till'  lirst  wire  at  the  time  of  breaking  the  circuit  in  the  second. 
Likewise  a  current  is  induced  at  the  closing  or  making  of  the  circuit. 
The  wire  carrying  the  direct  current  is  called  the  primary  circuit, 
while  that  in  which  the  current  is  induced  is  called  the  secondary 
cinuit.  C.re.iter  effects  can  be  produced  by  having  a  coil  of  well 
insulated  wire  surrounding  a  soft  iron  core  as  the  primary  circuit 
eknient  and  another  coil  of  insulated  wire  as  the  secondary  element. 
These  two  coils  are  arranged  on  a  stand  for  convenience,  the  whole 
apparatus  being  termed  an  inductorium  (Fig.  1).  The  chief 
advantages  of  the  induced  over  the  direct  current  for  purposes  of 
stimulation  are;  first,  the  voltage  is  very  much  greater  so  that 
high  resistances  can  be  overcome  and,  secondly,  it  can  readily  be 
altered  in  strength. 

It  has  been  found  that  the  least  induced  current  is  produced 
V.  hen  the  sec(Midar\'  is  at  right  -angles  to  the  primary;  from  this 
position  the  cu  .ent  is  increased  more  and  more  as  the  secondary 
becomes  more  nearly  parallel.    In  addition  to  the  angular  relation- 
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ship,  till  distance  iK-twctii  thf  two  coils  (kttrmiius  tin-  striii^th 
of  cLirri'iit  imlucc-d,  tin-  closer  tluy  cire  the  j^reater  the  effect. 
Experiment  1.  -Try  the  following.  -I.  Connect  the  electrodes  to 
two  terminals  on  the  table  so  as  to  oht.iin  2  volts.  Touch  the 
tongue  with  the  electrodes  and  then  make  and  break  the  circuit 
by  means  of  the  switch.  Repe.it  with  increasing  voltage. 
Describe  the  effects  at  make,  at  break  and  during  the  p.issage 
of  the  current. 

2.  Connect  the  binding  posts  I  and  2  (Fig.  1)  of  the  primary 
coil  to  4  volts  on  the  table,  with  a  simple  key  in  the  circuit. 


Fig.  1.  Inductorium:  (a)  Primary  Coil;  (fci  Socondary  Coil,  ii )  Bar 
for  short-circuiting  the  secondary  terminals.  Connect  the  source  ot 
supply  to  1  and  2  for  single  shocks  and  to  1  and  .'J  for  a  succession  of  rapid 
shocks. 


Connect  the  electrodes  to  the  end  of  the  rods  upon  which  the 
secondary  slides.  With  the  secondary  coil  far  out  and  parallel 
to  the  primary  coil  stimulate  the  tongue  by  making  and  break- 
ing the  primary  circuit.  Move  the  secondary  closer  and  closer 
to  the  primary  coil  and  note  the  effect  on  the  current  produced. 
Again  move  the  secondary  out  into  such  a  p<jsition  that  it  just 
clears  the  primary  coil.  Now  study  the  effect  of  tilting  the 
secondary  coil. 
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The  Graphic  Record.     \W  tlic  um'  of  a  It\cr  it  i>  |.(.>-ilili-  to 

111, lenity  inii-(  If  coiitractioii.  Thr  inoMiiiciit  ot  this  Icxit  i>  rc- 
((irdtfl  1"  noktd  paptr.  Tlu'  k\  inojiraph  is  (k'\  isi'd  for  cariyinj; 
the  ^iin  iki  il  papt  r. 

(  il, 1/1(1  paper  i--  urapptil  around  llif  dnmi  of  tlu'  kyiiio^r.ipli 
so  tliat  the  ^\,i/t-  \-  outward.  I'lif  ^iiniiiHil  end  i>  fa>triu-d  to  the 
opjx  ~itf  end  >o  ill, it  ,i  tii;lit  tit  is  ni,i(li'  and  the  p-ijitr  will  not  >\[\). 
Till'  flriini  i-  held  in  the  smokiest  jiart  ot  a  i;as  tl,inie  while  luinii; 
rot, lied  r,ipi(ll\  on  the  lir,i>s  tiilie  which  is  ni.iiiit. lined  hori/ont,illy 
l)\  h.ind.  In  this  w,i\'  a  uiiitorni  cnatiiit;  ot  carlion  (.in  lie  olit,iiiu'd 
on  the  p.iiier.  A  lii^lit  chorol.iti'  colour  is  to  he  pretirred  to  ,i  lUe]) 
1)1. ick  liec,iii-e  there  is  less  d,mi;er  ol  Imrniiii;  the  |),iper. 

A  >ni,ill  tri,iiii;iil.ir  ])iece  ot  i)hotoiir,iphic  tihii  or  w.ixed  p.iper  is 
t.isieiied  iiy  ,1  hit  ot  w.i\  to  tile  end  of  the  K'xiT  in  order  to  ser\'e 
as  .1  wrilini:  point.  'The  le\  ir  is  ,ilw.i\s  on  the  riiiht  h.iiid  side  of 
the  driini  >o  th,it  when  the  hitter  is  rot.ited  it  pulls  .iw.iy  from  the 
w  rilini;  imint.  The  lexer  niii>l  he  at  .i  tangent  to  tlu'  ciir\t'd  snrf.ici' 
<il  the  i  ylindtr  in  onkr  to  [)re\tnt  the  writing  point  leaxiiii;  the 
smoke<l  Mirt.ice  when  it  rises.  'Idu'  writing  point  may  he  lieiit 
inw,ird  to  kieii  the  rest  of  the  le\er  free  of  the  drum. 

\\  Inn  re.idx  to  reiiioxc  the  p,i|)er  from  the  drum,  it  is  cut  ,it 
the  oM-rl.ip  liy  ,i  sh,irp  knife  in  such  a  way  th.it  the  knife  strikes 
the  under  p.ijHr  .iiid  lot  the  drum.  .\  corner  of  the  paper  is 
^r,i>ped  .i^,iin-t  the  edj^e  of  the  drum  with  the  other  hand  so  tli.it 
it  will  not  f.ill.  At  this  st.is^e  the  record  may  he  phiced  on  tlu'  t.ihh' 
and  leilerini;  or  other  expl.matory  matter  inscribed.  It  is  will 
to  pi. ice  \oiir  II, line  .ind  d.iti'  on  e.icli  record.  Tlu-  record,  with 
smoked  -ide  nn.  i>  |).issi(l  once  throui;li  .i  rosin-alcohol  solution 
(I'-'O  i^m.  rosin  lo  t.OtttI  c.c.  of  •I.")',  etlnl  .ilcohol)  and  then  liuii^^ 
()\ir  the  tr,i\  to  dr.iiii.  When  dr\  the  i).irt>  disired  .ire  to  he  c.ire- 
liilK   (  ul  out  ,111(1  ])rt--er\i(l  in  the  note  hook. 

Instruments  for  Dissection,  il.ich  student  should  MippK- 
hini-eli  with  tlu'  tollowiiii;;  Twd  p,iir>  of  scissors,  one  lie.n  \  tiie 
other  line;  two  p,iir>  torceps.  one  1um\  \'  the  othir  tine:  oiu'  deiit.il 
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one  h.unK  >i.it.  Idle  line  scissors  .iiid  hue  forceps  are  to  he  us.'d 
oiilx  in  delicite  di.^v  ciinn.  In  ordiT  to  do  the  hest  work  thi' cut  tint; 
instriiiiieiii>  imi-i  he  kejit  sli.irii. 


CHAPTER    II. 
VOLUNTARY  MUSCLE. 


I 


I 


Animal  lilt-  (lilTii-s  t  ^st■Ilti,lll\■  from  pl.iiit  lite  in  tlic  pout-r  of 
mo\  (incut.  \\li.iti\  tr  the  i)o\vtT  which  certain  plants  tiia\-  h.i\i- 
in  ih-  ri>iH(t  is  t\tr(  nu-ly  hinitcil.  Anim.ils  on  the  o  her  liand 
iKil  <ml\  ((intain  orj^.nis  wliicli  arc  more  or  h  ss  const. intl\-  moving, 
hut  alM.  p(i>Mss  tiu'  cxtrciiK-K-  us-fnl  power  of  locomotion.  This 
l)uucr  to  mow  rtsidts  in  contractile  tissue.  Muscle  is  the  most 
important  type  of  this  kind  of  tissue  in  the  hijjluT  and  main-  of 
the  lower  animals.  What  can  .in  .inimal  do  without  muscle;^ 
1  here  would  he  no  res()iration,  no  circul.ition,  no  movement. 
'IriiK  muscle  is  .i  master  tissue.  -  ,.  . 

.\  portion  of  thi'  muscle  of  the  Ixxly  is  under  the  control  of  the 
will.  I  poll  this  muscle  we  depend  for  locomotion  and  the  major 
mo\t-ment  in  the  or^.mism.  Such  muscle  is  composed  of  fibres 
with  a  characteristic  cross  striation.  These  fibres  are  by  far  the 
nio>i  .ictixe  in  the  body,  not  only  working  rapidly,  but  doin^ 
till'   most   work. 

\\i'  could  stud\-  muscle  by  watching'  it  contract  or  l)y  finding  out 
how  mu<h  it  could  do.  The  knowledge  gained  by  such  means 
would  be  very  limited.  We  should  find  that  a  muscle  shortens 
and  thickens  when  it  contnicts;  we  might  discover  that  heat  is 
producetl  in  the  process,  but  m.my  changes  would  escape  ohserwi- 
tioii.  A  simi)ler  method  and  one  by  which  more  accurate  informa- 
tion cm  be  obtained  is  to  isolate  a  single  muscle  and  study  its 
respon,se>  to  .irtiticial  stimuli. 


STIMULATION. 

\  arious  Kinds  of  stimuli  will  cau.se  muscle  to  contract,  but  before 
we  decide  upon  the  best  form  to  use  we  must  know  where  to  a{)ply 
the  >timulus.  Normally  the  muscle  fibres  are  called  into  ;"ction 
>y  ;!nj)u!ses  passing  aiong  the  nerve  nbre^.     .Arlilicial  stimuli  can 
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]„•  ctTirtiwlv  iipplini  .iIouk  the  sanu-  path.  Thus  nu-chanical, 
tlicrmal.  (  hiiuicil  .nxl  iKctriral  chaii^ics  ran  causi'  a  nuisde  to 
act  ihniii^h  it^  mvvt:  .\ii\  (.1  tht-se  chan^t's  t(.  hi-  t'ttfctive  must 
n,,t  oulv  lu-  of  >urti<  iint  niav;nitu(lc'  l.ut  must  l)f  al)rupt.  A  nerve 
slowly  comprissi'd  may  U-  witliout  iffict,  but  if  fiuickly  i)in(lu-<l, 
a  twitch  of  the  muscle  results. 

Of  all  artificial  stimuli,  the  electrical  is  not  only  the  most 
I'lfct  ti\c,  liut  as  before  >tate<i.  the  least  injurious  to  nerve.  Me- 
chanical viimulation  produces  more  or  less  injury.  Thermal  (  hange 
which  is  yire.it  enough  to  have  an  effect  is  likewise  detrimental. 
Chemical  stimulation  if  not  harmful,  is  at  least  difficult  to  control. 
Moder.ile  electric.il  changes  have  none  of  these  objections. 

Although  we  .ire  most  interested  in  the  physiology  ol  mam- 
mali.m  muscle,  we  employ  muscles  from  cold-blooded  animals 
U-c.mse,  while  >imilar  in  fu.ation,  they  survive  for  a  much  longer 
piriod  win  n  depri\ed  of  their  circulation. 

Experiment  2.  Nerve-Muscle  Preparation.  -Kill  a  froR  in  the 
following  m.inner:  By  bending  the  frog's  head  down,  a  depres- 
sion beiuevn  the  skull  and  first  vertebra  can  be  felt  on  sliding 
a  blunt-pointed  seeker  back  alon^'  the  mid-line  of  the  toj)  of 
the  >kull.  riunK<-'  either  the  seeker  or  a  sc.ilpel  into  this  de- 
pre»ion  .md  by  moving'  crosswise  sever  the  cord.  Turn  the 
seeker  forward  into  the  skull  cavity  and  by  transverse  move- 
ment (iistrov  the  brain.  Next  destroy  the  cord  by  passing 
the  seeker  down  into  the  spinal  cord.  If  the  frog  is  properly 
l)itlud  it  becomis  limp.  A  frog  thus  prepared  is  dead  as  an 
organism  although  the  he.irt  and  other  tissues  may  live  for  a 
few  hours.  There  cm  be  no  ;  tin  whatsoever.  This  method 
of  killing  .1  frog  is  c.illul  "pithing  '. 

In  a  pithed  frog,  cut  .icross  the  body  just  behind  the  fore 
limbs,  with  sirocj.  scissors.  Remove  the  viscera,  being  careful 
to  .i\(.iil  injui\  of  the  nerves  lying  .ilong  the  dorsal  wall  of  the 
bodv  cavity.  Now  divide  the  i)reparation  by  cutting  longi- 
tudin.illy  through  the  middle  of  the  vertebrae  and  pelvis, 
lav  oni'  leu  .'iside  until  needed.  Strip  the  skin  from  the  other 
K'g,  being  suri'  to  keej)  the  outer  surface  of  the  skin  from 
coming  in  cont.ict  with  the  muscle. 


I 
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I.a\-  tlu'  pnparatioii  on  a  (-kaii  ^la^s  platr  a\u\  kirp  it 
in«ii>tiiu'(l  witli  ixttoiiic  salt  Mtlutioii.  (  arfUilly  disst'c  I  o'lt 
tlu-  sciatic  lurvc  by  scp.iraliii^  lli>  nuixlcs  nv  the  dors.il  aspect 
of  the  thi«h  .111(1  ircciii^;  the  lurvc  from  the  siirroundiiiK  tissues. 
Alwavs  lift  the  iier\e  with  a  ^lass  hook  a  kI  avoid  stretching; 
it.  liy  nie.uis  of  the  virtehrae  raise  the  roots  of  the  sci.itic 
iier\e  and  clip  beneath  it  until  it  is  free  down  to  the  knee, 
(lit  aw.iy  the  other  miixles  and  thi-  bone  below  the  knee  .md 
free  the  femur  from  all  muscli-  except  the  gastrocnemius. 

In  making  a  nerve-muscle  prepar.itioii  one  must  .ilways 
remember  that  slight  injury  to  muscle  or  nerve  may  ruin  it  for 
ixiK-riment.il  purposes.  Such  injur>-  m.i\-  bi-  c.iused  by 
stretching,  pre^sin^^  drying  or  chemical  agents.  Na(  1  dis- 
soKed  in  water  to  the  extent  of  0.7'  ,'  produces  an  isotonic 
solution  somewhat  similar  to  the  tissue  fluid  of  the  frog,  there- 
fore useful  in  kt'ei)ing  the  tissues  moist  without  the  injurious 
effect  of  pure  water.  Api)ly  this  solution  to  both  the  nerve 
and  miisile  fricjiK'ntly. 


NERVE-MUSCLE  PREPARATION. 

Experiment  3.     Different  Kinds  of  Stimuli.     1  ix  the  femur 

of  <i  ner\e-nuiscle  preparation  in  the  flat  j.iwed  clamp,  alter  it 
lK^^  been  fastened  to  the  stand,  ("lamp  the  ner\e  holder  to  the 
stand  just  below  and  then  lay  the  whole  sci.itic  lUTve  on  the 
gl.iss  plate.  l-"asten  the  muscle  lever  underne.ith.  Attach  the 
tendon,  by  means  of  a  hooked  pin  to  thi-  lever.  Now  .idjust 
the  .ifter-loading  screw  so  th.it  the  muscle  supports  no  weight 
but  is  fiilh-  extended  when  at  rest.  Place  a  ten  gr.ini  weight 
upon  the  sc.ile  pan  (Fig.  2).  Arrange  the  le\er  so  th.it  it  will 
write  on  the  smoked  paper  of  the  kymogr.ii)ii  .md  obt.iin  records 
with  the  tollowing  types  of  stimuli: 

Mix  ll.VNKAi..  Pinch  the  lu-rve  near  its  end  with  forceps,  ("an 
you  get  a  response  the  second  time  from  the  same  place.'' 
("llKMK.M,.  -Place  a  few  salt  crystals  on  the  fresh  end  of  the 
ner\T,  the  injured  portion  ha%'ing  !)een  cut  avva>'.  After  a  few 
contractions  of  the  muscle  thoroughly  remove  the  salt  with 
isotonic  salt  solution. 


IThj^Xll-^rlK^    :^>5»'^M-crV^t*'.^„ 
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liii  kM\i         Tuiidi  the  tVfsli  cml  of  tin-  iur\  i-  with  ,i  Imt  ^l.iss 

I.IM  IKK  \i  ('(iiiiicct  tlir  ^tiiiiuiatiiii:  I'lcctrodo  diri'c  tl\  to 
ilic  (  iirniil  ^iipplN  '>ii  the  t.iMc  hut  with  a  sini()lc  key  in  thi- 
(ir(iiii.  Irs  Ihf  cftcci  ot  make  .ind  hrt-ak  iH-^iiinini;  witii  2 
\nli-  A]\(\  then  iiK  ica-iiiK  the  (iirrtnl. 


I'll,  .'  AiM'.iriitii-  fur  rcuinliiiK  nui^clf  contract uiii:  ui)  fciiuir  ilamp;  (h)  nc-rvi'  hnli'  . 
f,  1  do,  ticilc-,  I,;  I  niii-cl.-  Irvi-r,  I  el  -iiKiuil  iiuicnet ;  (/)  aftcr-loadind  screw  ,  («)  wires  (iinin-.  u  .111 
till-  iiniii.ii^  I  iri  int. 

N\\l  coiiiKCt  the  fleet rodes  to  the  secondary  coil  of  the 
indiiitoriuni  iisiiij;  a  |)riniary  current  of  2  volts;  stiinulate  with 
ni.ike  .111(1  break  shocks  of  ditTerent  intensities. 

Coinpare  the  effects  of  make  and  break  in  direct  and  indirect 
eiirrents. 

Minimal  and  Maximal  Stimulation.  Beginning  with  a 
sliiTiuliis  too  weak  to  cause  contraction,  then  very  gradually 
iiK Teasing  its  strength,  a  point  is  reached  where  a  slight  contraction 
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rt-Milt-.  Ttii^  i>  f.illt<l  the  minimal  >timiilii>.  Id  othtT  \v<>r(l>  it  i> 
till'  \i\i-l  >liimilii>  wliicli  will  taiiM-  .i  i oiitr.ictiim.  On  the  otlu-r 
li.md  tlu'  maximal  >timiilii^  i>.  tin-  Ua>t  >tinuihis  which  will  prnducf 
maximal  << 'lit  r.K  linn.  Whin  .»  MTit>i>f  Minniliof  inc  n-asinn  strrn^th. 
hf^innin^  with  the  minimal,  i>  M'nt  into  a  iut\t  oi  niii-ck-.  urn- 
(.l>t.iin-  ,1  ^nidtd  aNi)()n>f  1 1-iK-  •<•■  '•"'!'>  '^  ""ue  no  mattiT  how 
tnuK  graded  i-  the  in<rr.iM'  of  tlu'  stimulus.  iStr  all-or-noiu' 
priniiplf,  j).  a'l ' 

Experiment  4.     Response  to  Stimuli  of  DiJEferent  Intensities. 

l"or  this  ixptrimt'nl  employ  a  muscle  which  has  been  cut 
awa>  from  its  ner\e.  Instead  of  usin^  ordinary  stimulating 
electro(Us  (onnect   one   termin.d   of   the  secondary  loil    to   tiie 


i 


I'll.    :i      Ci.iur.i.  tkins  prodih cil  liy  KrailiMl  <tinnilatii)n.     Scioiulary  ■■nil  movfil  .'i  mm. 
at  i-ai  li  sti'ii.      Bnth  ni.iki-  ami  hri'.ik  <Ii(h  ks  fiiiiilny-'il.      Maki-  ldi^  .-a.  tiiin  lirniris  at  m. 


femur  iiid  of  the  muscle  by  wire  and  in  a  similar  way  connect 
llu'  other  lermii'.al  to  'he  binding  post  on  the  muscle  lever. 
Then  a  liit  of  tine  wire  is  wound  around  the  tendon  and  t'lnaily 
fastene<l  to  the  co.irser  wire  at  the  binding  post  on  the  muscle 
It\er.  In  this  manner  a  current  can  be  passed  through  the 
muscle. 

Starting  with  the  secondary  as  far  as  possible  from  the 
priniiiry,  cautiously  move  it  forward  by  stages,  each  time 
stimulatine  the  muscle  vvith  a  make  anrl  break  shock.  When 
the  first  perceptible  contraction  is  produced  you  have  reached 
the   threshold.      I'etween  each   stimulation   move   the  drum   a 
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-hnii  (li-i.iii.f  l.\  li.iiiil,  not  iiKirc  til. Ill  1  inin.  Now  (.infiilly 
,,,,,\(  ihc  ...il  ti.u  ml  till'  iiriin.iry  ><>  ill. it  at  r.i(  li  po-ition 
iImi.  1.  |)r..<!ii(t<l  a  sliKli'ly  ^rcitcr  ((Hitr.iction  ih.m  lutnrr. 
|)i-iiiiv;iii-li  llic  "iii.ikt"  .iikI  "l.rc.ik"  t mitr.irtioii^  di  tlu' 
n((,r<l  \>\  llir  it  ll<r>  n:  .iml  l>  pLunl  hciif.illi.  .\U<i  (U-.iuiMtr 
ill,  iMiMlioii  ul  tiic  s«<()ii(lar\  (oil.  It  1>  l)(l^■^il•l^•  1)\  i.inliilly 
iiHit.i-inu  iIk'  -.tiiiiiilii^^  Id  obt.iiii  .1  v;r,i(iu,ilcil  st-rio  <il  ( oti- 
11. i<  ti.iii-  Imm  l)ntli  tlic  iii.ikc  .111(1  hif.ik  >li(u  k^  <  1  i^-  •>  ■  ^^  'i^'" 
llif    -riii-     !•-    ((iinplrti-,    iiwlicitf    the    miiiiiii.il    .iml    in.ixiin.il 

^linuili. 

|)i-(ii->  liif  .iiiiilicatiiiii  ol  tlu'  .ill-(ir-ii()iu-  piiiuiplf  \>>  ><>iir 

n  I  (ir(l>. 


INDEPENDENT  EXCITABILITY  OF  MUSCLE. 

(  )i(liii,iiil\  llu'  (iiiotioii.  .IS  to  wlutluT  .1  nui^cK-  could  ri  >pon(l 
it  it-  iHiAc-  win'  .il)M'iit,  i>  of  .icadcniic  iiittTt-st.  Hut  it  ut'  wish 
tu  ii>i  thf  powtr  of  .1  iiiuscU'  which  h.is  lost  its  vohiiil.iry  tiiiiction 
l.v  injury  to  the  iutvc,  wc  find  loiii;  aftiT  thi-  lu-rvc  h.is  dc^iiuT.ilcd, 
tli.it  till'  iiiiiscK-  n-spoiids  to  diri'ct  cUit'ical  stiuuil.itioii.  it  can 
alx.  l.f  -houn  th.it  muscle  is  directly  excitable  by  p.u-aly/in^  the 
motor  eiid-i)l,ites,  which  .ire  structures  connecting  motor  nerve 
hbre-  with  muscle  fibres.  This  can  be  done  by  the  injection  of 
the  puix.n  ••cur.u-e"  into  the  circulation.  After  a  few  minutes 
h.i-  rl.ipMil.stimul.itioii  of  the  nerve  no  longer  affects  the  muscle, 
while  >tiniul.ttioii  of  tlu'  muscle  causes  it  to  contract.  I'rom  Mich 
eviierimeiits  .is  thi>e  it  .ii)iiears  that  muscle  can  contract  without 
the  nu'di.ition  of  t'ither  nerve  fibres  or  motor  end  plates. 

The  N.irioiis  tvpes  of  stimuli  can  affect  a  muscle  directly, 
pi'rh.ipsnot  so  readily  as  through  the  nerve  fibres  however.  Amongst 
thesi'  stimuli  there  is  one  type  which  should  be  dwelt  upon  par- 
licul.irly  in  a  certain  connection.  That  is  chemical  change.  Sup- 
p(.>r  \()u  permit  a  Irish  muscle,  which  has  been  dissected  from 
the  body,  to  be  exi)osed  to  dry  air.  Moisture  quickly  evaporates 
from  its  surface.  The  solutions  within  the  cells  become  more  con- 
ceiitniied.  (  liemii  .11  slimuialioii  may  result,  producing  twitches. 
In  anv  c.ise  the  cells  are  injured  if  the  water  loss  goes  far. 
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'111.  1,  -  C.I  u.itfi  111. IV  l.f  |)rtv»iit«'(|  l.y  ktt|)iiiK  tlu-  nui-clc  in 
.lir  s.iiiir.ilid  with  u.ittr  v.ipoiir  or  l.\  lrf<HMtitl\  .ipplyiMi;  w.ittT 
..  till-  i\|)n>t<l  siirLicr.  Miit  iMthiiiK  tlu-  imiM  If  witli  w.itn  |)ri.- 
(liK.-  ((.MMinuiHo  ,i>  Mrioiis.  i)frli.ii)>,  .!■<  dryiiiK.  l>»'c.ui>f  -ilts 
,111(1  ..lli.r  -iil.-taiM.s  ,in-  dr.iwii  out  of  tlif  nll-^.  Now  if  wf  .i<l(l 
tin-  -.iiiir  -.lit-  ill  tlif  -.imc  iHTctiit.iKf  a>  o((iir>  in  tin-  ti>MU'  to  tin- 
w.iirr  uliidi  i-  ii-t<l  to  l.,itlu'  tlif  imisclf,  Mich  a  >oliitioii  cm  l>r 
iiM(l  to  i)n\fiit  ts.iporilioii  without  taking'  >.iit>  fmiii  tlu'  (ill>. 
.\ii\     lApoMil    ti>-Uf    >lioiilil    Ih-    frf(iiU'iitly    h.ithtd    with    --iK  h    ,i 

sohilioii. 

When  a  iiuim  Ir  is  stiimilatid  by  passing  a  ciirrtiit  thr(.iiv;h  it, 
we  cannot  >av  th.it  it>  reaction  i>  not  liroiiKht  .ilioiii  l.y  the  iur\e 
f'llpn-  pnstnt.  It  i>  of  coiisidcr.ililc  intcri'^t  to  he  .ilile  to  sliow 
th.it  mii'-(  le  ti-siie  is  indt'pendeiitly  irritaMe.  This  c.m  ln'  .iccoin- 
pli-hcd  1)\    tin-  use  of  the  dni^  curare. 

Experiment  5.  The  sci.itic  nerves  .ire  exposi'd  in  ea(  h  le^  of  a 
fro^  whidi  li.is  the  lir.iin  dtstroNC'd.  A  liji.Hiire  is  p.issed  uikKt 
one  sciatic  .ind  around  the  thi^{h  and  tied  tit;htl>-  so  as  to 
ocdude  circuhitioii  in  th.it  k%.  A  few  drops  of  1','  cur.ire 
solution  are  injected  into  the  hack  of  the  froji.  From  time  to 
time  stiniul.ite  each  sii.itic  nerve  with  induction  sliock>.  In  a 
leu  minutes,  the  le^  with  intact  circulation  refuses  to  respond 
or  r\~.:-  responds  \ery  much  less  th.m  the  li^i.ited  le^:.  When 
this  -l.ii;*'  has  been  re.iched  stimulate  the  muscles  of  the  un- 
lii;.ited  le^  dirii  th'.  Their  response  demonstrates  th.it  the 
jmiscle  is  indepvndi'iitly  irrit.ilile  for  the  nervous  iinpuls  •  h.is 
hein  ruk'd  out.  This  has  been  accomplished  hy  par.ilysis  of 
the  tissue  coniivctin^  ner\e  fibres  with  muscle  hhres,  for  it 
can  be  shown  th.it  impulses  still  travel  along  the  nerve. 


EXTENSIBILITY    AND    ELASTICITY    OF    MUSCLE. 

In  the  body  mori'  or  less  tension  affects  each  muscle.  The 
weight  of  \arious  i)arts  and  the  antagonistic  action  of  opjxising 
muscles  contribute  to  this  tension.  The  result  is  a  certain  amount 
oi  I'iongalion.  This  tan  be  shown  by  lasieiiing  a  weiglU  to  an 
isolated  muscle.  And  then  when  the  weight  is  removed  the  muscle 
so(jn  reg.iins  its  former  length,  that  is,  it  exhibit:',  elasticity. 
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I'Ih  .imniiiil  <>l  cloiiK.itiuii  iiK  rf.i>r>  \silli  iiu  rr.i>f  in  Ifii>ioii. 
liiM  will)  .-.kIi  .iddilM.ii.il  t.n>i<.ii  tin-  cloiin.iliun  i>  prnporlionaH'lv 
1,-^,.  lu  illu-italf  -ii|>i>«'M'  X  Ki-'iii-  iAUM-  .111  i-l.,iiK.iii«'ii  ..t  '-'  mm. 
'I'luii  2  X  i^r.ini-  will  nut  ( .iii^'  \  mm.  tIdiiR.ilinii  hut  Minu'lhin>i 
|(ss.  pt  rli.ip--  :<  mm.     :<  X   ur.iin-  wmilil   pnxhiif    \  ')  mm.  tloiiK.i- 

tidii.  I'll  . 

UtAoiid  .1  ifrl.iiii  liii>ioii  till'  n'MT^f  i>  triii-;  llu-  ildiiyi.itioii-- 
p»r  imil  iiitriMM'  l»tiii«  unattT  .iiid  nrr.itir  witli  r.icli  >ttp.  Wlun- 
thi>  ri\ir>.il  lK^;iii>  \\n-  >(>-<. illid  rl.i>tic  limit  li.i>  lutii  i).i->cd. 
liii.ilK   llirn-  ((.im-^  a  tiim-  wlini  tlu-  nuiMlf  riliir>  .in'  niptiiri-d. 

Nirdlr--  to  >.i>  .1  miiM-U'  >li<>iild  not  in'  cxH-mU'd  Ik-noikI  it> 
fl,i>lir  liiiiil . 

Ill  <  1.111  lii>i(. 11,  liii>i(iii  i>  \ir\  iixfiil  ill  kr.piii^i  .i  imi'-clf  prr- 
parrd  tor  ( (nilr.n  licm.  lor  wc  find  lliat  a  mux  U'  will  not  oiiK 
rr>i)oii(l  morf  (|iii(  kl\  Iml  iiiort'  fiuTKi'li<Mliy  it  it  i^  iindtr  a  (rrt.iin 
amouiu  ol  tension.     'riii>  condition  iiold>  in  tlir  hody. 

Miis.lf  can  Ik'  sirrtciicd  and  a^aiii  nr.iin  it>  rotinn  Kir^tli 
when  tlic  lorcf  i)ro<hiciiin  tlic  i  lianm-  i>  rcmoNcd.  I".  diHiT>  >onu'- 
what  trom  a  ruhliir  hand  in  that  it  doi>  not  n>i)oiid  Ity  f<nial 
i-\ttii>ion  lor  c(iiial  increment-  of  wii^ht  a>  ttie  total  weight  in- 
rn'a>e-  nor  dot'-  imnuiliate  reiox  ery  oct  iir  wlun  the  wei^lit-  .ire 
renioM'd. 

Experiment  6.  Uol.ite  the  two  l.ir^e  mnsclo  .^r.icili-  .iiid  >emi- 
iiiemlir.moMi>.  l-i^-  ''  ""  >'>•■  i">ide  of  the  thi^ii  of  .1  fro^;;  cut 
throiii;li  the  lihi.i  lulow  their  iiir^ertioii  .md  through  tin-  femur 
.ii.o\.  tile  knei'.  Rtniove  them  with  the  hone  from  which  they 
ariM  .  N'oii  -hould  li.ive  .1  prep.iration  with  hone  .it  each  end. 
Suspend  the  mu>cli"<  h>  il. imping  one  hone  in  the  flat-jawed 
cl.inip.  lasteii  the  other  end  to  .1  mu>cle  ie\  er  to  which  a 
lar^e  sc.ile  p.iii  i>  .itt.icluil.  Oht.iin  .1  record  of  tlie  compar.iti\e 
leiii;th  of  tlie  imi^cle  without  weight  .md  with  wei^5ht>  increaMU^j 
hy  10  Kms.  .it  e.ich  trial.  The  drum  should  he  moved  hy  hand 
Intween  e.ich  inert  iiuiit.  Continue  until  the  point  ot  rupture 
i>  re.iched.     I'lot  .1  curve  of  the>e  results. 

In  a  sei-ond  prep.ir.ition.  .idd  1<»  gm.  increment>,  hut  stop 
hefore  the  muscle  is  injured.  Now  ieiiio\e  U)  ,;""»>•  ^'t  a  tuiic, 
securing  a  record  in  each  case.     Plot  a  curve  ot  the  reciivery. 
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III   ,1    ~imil.li    m.imitr   cilii.iiii    rttiml-.   tri'Hi   .1    riililn  r   li.mrl, 
luiili  liir  lAlcii-imi  .111(1  rt(ii\ir\. 


I'll.  1.  .1  vcntr.il  VII  u  lit  iKin.  1.  ?>1,  ( ..i-Irm  ni'tlliiH. 
:!.  M.  Til.i.ihs  until  n~.  :t.  M.  <.r.nili-.  4,  M.  .\.l.Jiut..r  in.ii:- 
1U1-.  .').  M.  S.irlurHH.  C.  M.  A.Miu  t'lr  loimn..  7,  M  \'.i-tiii 
intcriHi-.  >.  \,  \'.ij;ii..,  '1.  N,  ('.lii--(i-i.h,iryni;i-,i).  |u.  N  Ilyin.. 
tilM.-.il.      11.  N".  SuiHTinr  l;ir\m;iMl- 

/'.  I)or-^.il  as]).-!  t  ol  hinil  li-i;,  1.'.  M.  Kotu-  .inti-tii.r. 
l-I.M.\'.i  t"-i'\tiTiia-.  14.  M.SiiiiMTiiMnl.r,ii).'>u-.  I.'i.  M  .  I'lrdiicii-. 
■Alfr  .I.i,k-<iiii. 


Slmiy  till-  I'Xti'ii^-iiiiliix  oi  .1  cniitr.icti'ii  imi^cic-  .is  (■()nii)ari(i 
to  tlif  same  imisrk'  at  rist.  Arranjjc  a  j^racilis-seminunibranosiis 
preparation  as  la-foif.     Ohtaiii  short   records  of  tlic  nuiscli'  at 
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,,.,  ,.n.l  ulun  .nmulat.-l  l.y  a  single-  maximal  break  shock 
u„h.,ul  anv  un.ht.  (  ontinuc.  to  .In  this  for  10  K;ram  mrrc- 
,n,.,it>  a^  tar  a>  I..,s^il.I^■.  What  hapixMis  wlu-n  a  load  is  rcac  1ml 
\\lii(li  till'  imiMk'  (-aiinot  lift." 

1-1,,,    ,.xtrn>ion    .iirxTs   of    the   n.iitractid    muscle   aii.l    the 
,r>tin^  iiuimIc  >o  that  tluy  ir.ay  We  easily  c-omi)are.l. 


THE  SIMPLE  CONTRACTION. 

\hlu,uuh    n,u>cle   seldom   re^pon-is  l.y   a    simple    twitch    Nvhen 
calie<l  into  artion  in  the  body,  its  behaviour  can  be  conveniently 
stu.lie.!  ^^\n■u  it  vjives  such  twitches.     Simi.le  contraction,  can  he 
.an-cd  l.v  Muule  electrical  stimuli.      lu  order  to  ..b.erve  the  action 
,,f  a  MUuK.  niUMle  it  is  isolated  from  its  neiiihbours  a.ul  arran^e.i  a> 
.k.MTiiKd   in    tiie  experimental   work  so  that    when   contractmg  a 
r.cord    i.    made    u,.on    the   surface   of   a   rapidly    n.tated    cylinder 
,  \:\^    -,,       Bv  means  of  a  siunal  maijnet  and  a  tuning  fork  the  time 
re<|uired.  for  the  initiati<.n  and  comi)letion  of  the  action,  can  be 
dctiTiuined.       The   time   elapsing    iK^tween   the   appheation   ot    the 
sumulu.  aiKl  the  first  visible  contraction  is  about  0.01  sec.  tor  a 
frog--  gastrocnemius.     With   the  more  cpiicklv  responding  mirror 
nuiiiod  it   is  O.OOC.:.  si-c.     The  time  consumed  in  the  contraction 
averages  0  04  >ec.  while  that  used  in  relaxation  is  slightly  more, 
().().-.  >ec,      Woughly  the  total  time  involved  in  the  various  changes 
i.  0  1  src.  for  the  frog's  gastrocnemius  (Fig.  ())• 

TlH.  .juration  of  the  simple  twitch  varies  in  .litferent  animals. 
It   is  K-  ill  the  rabbit,  0.07  sec,  ami  cousi.lerably  less  in  insects, 

o.(M):^  si-c. 

riic  real  I  \Ti M  iM-.Kioi.  is  primarily  due  to  the  time  consumed 
i„  in.lu.inu  the  change,  in  muscle  lea<ling  up  to  c.mtracti.m.  Such 
clumgrs  varv  witii  tlu>  ..iiset  of  fatigue,  in..ditication  of  temperature, 
an.l  intensitv  of  the  stimuli.^.  Besides  this,  ..ther  tactors  are 
„1.K.,1  II  a  lo.ul  i>  attached  t..  the  muscle,  the  preliminary  ettect 
,,,  atlen.pte.i  contraction  is  a  >liglit  elongati^.n  on  account  ot  the 
iiurlia   of    the   lo.id.      With    the   ordinary   apparatus   Iriction   also 

slows  the  response. 

Contraction  Period.      .\  muscle  recpiires  time  tor  the  devel..p- 

.     ,  .:  ...   1,,...  .,,.;.>  ,. wti   imlividn.d  muscle 

niel'i   oi    iiu    ili.iXiilniiii   ;  ;:in .  a^  ,i'..-!i   i-vvc-.-.; 
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I- It.  .'i.  Ktii'ii!  k\  liK-vcr.iiih.  Ui  t  Tcriiiinal''  l<»  b-  <  rjiu;ri  t «■(!  in 
ITiuKiry  Linuit:  i/'  Mdv.ihlc  riiij^  tfr  si-i  ont!  =tiniiilu~,  i.;  Keica^c 
vvhu  h  :;tari>  ilrum. 
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t'lliii'  i--  iKit  -liiiuil.ilfd  ill  .ill  i).irl>  >iniultaiu'()ii>l\  ,  Imt  rf(ii\t's  its 
iin|)iil-r  .11  llir  moliir  iiul-plali'  Incited  lu-ar  tlu-  iniddk'  ot  tlu'  tiliri'. 
Ill  111  (■  till'  ruiiir.Hiiiiii  spnad^  oiitw.ird  at  tht-  ratt'  ot  -^  to  4  nuttrs 
|)(  r  -IT.  In  Inmi.iii  imixlf  the  xelocity  of  such  .i  \v.i\e  i>  10  to 
\'A  iiHttrs  per  MC.  Thin  fnrc.  cacii  though  eaih  inuscle  tihri'  ot  a 
in.i>>  iii.i\  1r'  stiimdated  siimiltaiu<»ii>ly  tlirou^h  a  iuT\r  trunk, 
time  i>  riiiiiired  tor  tlic  spread  of  the  contraction  throughout  the 
lil.re^. 

Tliis  cm  lie  shown  e\perinu-ntally  in  a  nuiscie  with  par.iUel 
lilires  Mich  .'s  tlu'  ^,trtorius.  Levers  .ire  arraiitjed  restini;  on  each 
ind  ot  the  muscle  so  that  wlu'ii  the  correspondin.n  i).irt  of  the  muscle 
contr.ict>  ,1  record  will  he  m.ide  on  <i  drum.  These  le\er>  .ire  so 
adjusted  ih.it  they  write  directly  one  al)o\e  the  other,  if  both 
l).irts  of   the   muscle  coiiira     id   simultaneously     iij  lexers  would 
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l-'ji,.  ii.      K.Miril  cil  an  isotoni.  contra,  tion  (it   a  fron's  t;.i?triHiieniiii<  inii»ile 
Stimulated  .It  .V.     TiiiiinK  tiirk  tracing.  1    100  <i'i-. 


mo\e  sinuiltaneously.  One  end  of  the  muscle  is  stimulated  with 
a  siiiiile  shock.  That  end  contracts  some  time  hetore  the  other, 
•i--  siiown  ii\  the  records  upon  the  kymograph.  By  measurinjj  the 
ltiii;th  ot  muscle  Itetween  the  levers  and  ck'terminini;  the  time 
with  ,1  tuiiinj;  fork  on  the  drum,  the  rate  in  meters  i)er  sec.  can  be 
,i~cerl. lined. 

Kel.ix.ition  is  .in  acti\e  jirocess  .iiid  is  not  entirely  due  to  the 
etlict  ot  iin^ion  upon  .i  muscle  which  has  ceasi'd  tocontr.iit. 

It  ,1  troL;'>  muscle  is  c.iretulK  isolated  and  dipped  in  olive  oil 
to  riiliiic  friction,  it  will  .icti\ely  rel.ix  after  contraction.  pro\ided 
ii  !■-  tlo.itei'  ( Ml  mircurx'. 

Volume  of  a  Contracting  Muscle.  The  contraction  of  a 
muscle  iloi-  not  ch.tnue  its  \olu:iU'  as  the  foUowini!;  experiment 
\\  ill  show  . 


1 
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♦Experiment  7.  Tw-  wHl  insul.md  win>  In.m  thf  s»r..ii<lary 
ttrniin.ils  of  .111  iii(liirt(.riiiin  arc  im>m(1  thnumli  one  hnW  of  a 
riil.lHr  stopiHT.  The  l)are  vm\>  of  tin-  wne  an-  (■(,iinirti(l  to 
op,,o>itf  eii.l^  of  a  froiiV  i-astrocnemiiis.  wliiih  i>  then  Mi>i)en.le<l 
within  a  \vi.lr-ni.mth..l  KottU-.  'Vhv  hole  through  uhi.h  the 
wire.  ,,.,.se>  i^  mad.-  w,.ter-tii;ht .  A  jihiss  tul)e  drawn  out  to  a 
...pilLirv  i.  iuMTted  in  the  other  hoU-  after  the  bottle  ha>  been 
eompletelv  tilled  uith  i>utonir  NaCl  solution.  The  x.hition 
>honl(l  extend  a  >hort  distance  into  the  c.ipillary  portion  ot  the 
lube.  Thi'  induclorinni  i-  arranj^cd  to  produce  a  let.iiu/an^ 
current.  In  spite  of  the  -hort-cinuitin^  tiirou^h  the  M.hition, 
if  a  >ulVuiently  >tronr  current  i>  used,  the  nuiscle  can  be  made 

to  contract. 

Deterniiiu'  wheth      or  not  any  change  in  \(iluine  takes  place 

due  to  contraction. 

Isotonic  Contraction.  When  a  nuiscle  lift-  .1  liviht  lo.id  It 
>horti'n>  with  little  oi)position.  the  tension  rtinaininv;  ne.irly  con- 
^tant  throughout.  Such  a  contraction  is  literalK  one  with  con^^t.^nt 
or  i>o-teii>ion.  hence  c.dled  i>otonic. 

Experiment    8.    Isotonic    Muscle    Contraction.     Iht     time 

elenuiits  in  the  contraction  and  relaxation  of  .1  nuiscle  can  best 
be  studied  by  obtaining'  a  record  of  the  muscle  on  a  raiiidly 
moving  drum.  .\  ij.i^trocnemius  preparation  in  the  moist 
chamber  is  pri^pared  for  direct  stimulation  by  connectin^^  each 
end  of  the  nuiscle  to  .1  bindinji  post  (Fi^.  .")).  These  binding 
l)o-ts  are  connected  in  turn  to  the  terminals  of  tlie  secondary 
ciil.  Moi>l  filter  paper  in  the  chamber  will  prevent  drying  of 
the  nui-cle. 

The  muscle  lexer  must  i)e  in  such  a  position  that  it  will 
.■ontiiuu'  to  write  on  thi'  drum  when  the  muscle  contracts. 
\\ei,s;ht  the  sc.de  i),m  -uHiciently  to  permit  an  approl)nate 
escur-ion  of  the  lever.  Adjust  the  after-lo.ulinv;  screw  so  that 
the  re-tiui.;  muscle  d(H>  not  >upport  tlii>  weii^ht.  The  electro- 
m.ii.;iutic  si^Mial  >hould  \>v  >upi)orted  on  the  same  >tan(l  .is  the 
muscle  le\(T  ,md  its  writin^^  point  >houl<l  be  close  to  the  writing 
point  of  the  nuiscle  le\-er,  in  line  vertically  with  it.     Both  the 
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rkclrdm.iuiit  ti(  >i^iMl  and  tlu'  kyiiKi^rapli  ^lioii'ul  \)v  in  I  rot  I  need 

into  tlic  |)rini.ir\    circnil  of  tlu'  inductdriuin. 

Alter  (Ktrrniinin^   .i   >uil;d)lc  >trtii^tli   tor   tlu'  stimnl.itin^ 

cinrcnt,    itcord   .1   coniraclidii.    n^iiiti   tlu'  sprin^-dri\in   drnni. 

lU    nir.ins  ot    tlir  It'\ir  ,it   ri>i,  ri'cord  liilow  this  a  li.f^i-  liiu-. 

NdW    dr.iw    an   arc  with   llu'   li\tr  trinn   tlu'  ])()int   <»t    ni.iximal 

rontr.ictidn    tn    tlu'    1/asi'    lini-.      ()l)tain    .i    tnniiii;    tork    rtiDrd 

hitwit'ii  till'  l)aM-  line  and  >i^nal  liiu-. 

In   tlii>  iii.iinur  stcnrt-  tlin<'  or  nidir  i^dud  rtiiir<l>.     Altir 

tlic  |)a])cr  lias  hicii   rt'iiioMtl   troni   the  drum   and   tlu-  surtacf 

fi.\<il    with    nihin,    ditiTiuiiU"    the    tiiiu'    lnr    tlu'    l.itiiit    ])criiid. 

contr.ictioi)  juTidd  .md  relaxation  jjeriod. 

II    \()ii   ha\e   time  oht.iin   additional   records   in   whieh    the 

atter-loadinji  screw    i>  chan!j;ed,  so  th.it   the  load   is  picki'd   ii() 

I'arlier  or  l.ittT  than  at  first. 

Discuss  tile  factors  which  miuht  he  invohed  in  production 

ot  the  latent  period. 

Isometric  Contraction.  Sonu'times  a  muscle  tries  to  lift  a 
lo.id  which  it  c.mnol  hud^e.  The  muscle  tu).;s  al  the  weight  with 
an  increasing  effort,  hut  it  cannot  shorten,  although  the  tension 
increases  with  the  iffort.  Such  a  muscle  maintains  a  constant 
K-nnth.      It  is  said  to  undergo  an  isometric  contr.iction. 

In  the  preceding  experiment  the  force  which  opposed  the 
contr.iction  of  the  muscle  was  cssenti.ilh'  a  constant  one,  so  that 
thi-  muscle  tension  remained  nearly  the  s.ime.  In  the  i)resent  ex- 
j)iriment  tlu'  tension  is  made  to  incre.ise  .is  contraction  ])roceeds 
and  the  change  in  muscle  length  is  sm.ili.  It  is  true  that  the  muscle 
diH's  not  maint.iin  <i  constant  length,  hut  it  .ippro.iches  th.il  con- 
dition. 
*  Experiment  9.      fasten  the  lemurof  a  g.istrocnemius  preimr.ition 

in  .1  ll.it-j.iwi'd  (lamp  which  li.is  heen  fixed  in  ihe  u])per  part  of 

tlu'  triiiod.     ("omu'ct  the  tindon  hy  .1  hook  to  the  >pring  le\iT, 

till'  hitter  heing  Mi])plitil   with  .1  writing  point.     Connect    the 

sicond.irx    ti  rmin.il>  of  the  inductorium  with  the  hinding  po>ts 

ot  tlu-  cKimp  .md  tlu-  Kwr.       To  ax'oid  poor  cont.icts  you  sliouhl 

comii'ct  the  hinding  |)o>t  of  the  le\-er  to  the  tendon  h\'  nuMn> 

oi  .1  line  wire . 

Willi   the  muscli'  uiuKt  sonu'  tension  secure  .i  record  ot   a 

single  contr.iction  upon   the  drum  of  the  spring-dri\'i-n   k\ino- 

giMpli. 


'•=.!*aBr;»j 


X'oi.iM  \m   Mi^(  II  • 


27 


Sicurr  a  ^rc-ii'l  rtrnnl  uitli  .ui  iiirna>i-  in  tciiMnii.  Ktrord 
a,,  isotonic  r.irvi'  Lv  .iuan>  ..t  tl,r  utluT  Ifvcr  <.n  tlu-  tnp.Kl. 
s,inuilati(.n    -ivinal>   an.!    tuning    tnrk    mnrds   nu.>t    be   sh-.wn 

umlcr  la'li  n.ord. 

In  onUr  t..  ..btain  tlu>  t.'n>i..n  ..r  n  M>tan(v  ..vi-mmu'  by  the 
mu-dr  in  th.'  ix.mftric  o.nlr.irli..n.  turn  tlio  spring  omt  and 
atta.h  tlu'  laruc'  srak-pan  (weight  20  K'ramM.  Tin.,  a.ld 
siitfuic-nt  wtiKhts  to  ^trctcli  tlic  spring  to  tlif  .anu-  i-xtunt  as 
ocnirn.l  in  \hv  isonutric  contra.  tion>.  Turn  the  drum  l)y 
han.l    t..    make-    slio  I    al.-.i»af.      Mark    tlu-sr    lints   with    the 

wti^hts. 

Conipan-  tht-  latent  ptricls,  contrarti.ms  and  ril.i\ati<«ns  m 

\h{-  is.)nK-tri(-  an.l  is.)t.>nic  records. 

It  is  nc\cT  po>sil)lc  to  .)l)t.iin  a  i)urcly  isotonic  contraction,  for 
it,  ■  .-ontr.ictions  of  this  kin.l.  tcnsi.Mi  dots  change  though  cvt-r 
s.  I'.     N.)r  does  the  purely  isonutric  type  exi.-.t.  in  si)ite  ot  the 

fact  that  the  nuiscle  does  not  lift  its  l..ad  an.l  thus  appears  to  he 
free  from  anv  >h..rtenini;  of  hhres.  Watch  such  a  muscle  at  work. 
Some  ..f  the  fibres  d.)  thicken  at  least  in  i)art  of  their  course,  there- 
fore they  must  shorten.  They  probably  -lo  so  at  the  expensL'  of  ;i 
slight  extension  .)f  the  tendon  or  of  .ither  fibres. 

Throuiihout  the  activity  of  the  muscles  of  the  body  we  may 
have  contraction.s  predominantly  isot.niic  or  predominantly  iso- 
metric .ir  these  may  be  combined  in  various  proportions. 

EFFECT    OF    TEMPERATURE    ON    CONTRACTION. 

Chemical  chanyjes  underlie  muscle  .icti\ity.  All  chemical  pro- 
cesses are  infiuenced  by  temperature,  an  increase  speeding  them, 
a  decre.ise  checkin^^  them.  Within  certain  limits  we  find  this  true 
in  muM-le.  There'  is  this  difference  from  inorganic  chemical  pro- 
cesses the  maximum  rea.  tiou  i>  soon  re.iched  in  nuiscle,  increase 
l)e\(.nd  that  temperature  reduces  more  and  more  the  response  of 
the  muscle  until  at  about  HS'  (".  in  the  frog  the  irritability  ot  the 
mu-cle  is-lost.  Muscle  is  not  .il.)iie  in  i)ossessing  an  ojitimum 
temperature  for  its  a.  tixities.  .Ml  tis>ue>  have  an  optimum  ti  m- 
perature'.  This  optimum  \  arie>  in  ditfiTent  indr.  idual  aiumals, 
.  ..i^.  <i;ilK-  cold-bloodi'd  animals  like  the  froe.     Wintir  frogs  i)ossess 
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er  optimum  th.m  summer  Irog^ 
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Not  oiiK-  i>  thi'  lu'i^hl  of  con- 
Iraction  (hailed  hy  ttnijHTatiire 
risi'  or  fall,  Imt  tlu'  diiralioii  of  its 
ph.iM^  as  well.  At  low  tcni|H'r.i- 
tiiro  tlu'  latiiit  iKriod  and  dura- 
tion ol  thf  conlraction  may  he 
st'Ntral  linu>  tlu'  ('orrts|)on(lin^ 
st.i^is  at  liiylur  ttnijuTatiin'S 
I  l"i^.  7). 

Mammals   dittVr  from  frogs   in 
iii.iintaininvi       a       niorf      or      less 
oi)t!mum     ti'miHT.itiiri'     for     their 
ti»m>     indipendent     of     external 
eli.ing(  s.     Tliat  is  one  reason  that  a 
mannn.tl    i>    i)hysioloi;ic.diy    nuich 
niori-  etVuieni  than  a  froj;. 
Experiment     10.       Fasten,      by 
means  ot    thrt.id   or  hne  wire, 
the  tenuir   ol    .i    i;astrofneinius 
prep.iration    to    the    short    arm 
ot  the  L-shaped  glass  rod  which 
has    previously   been    fixed    by 
its  long  arm   in  the   flat-jawed 
chimp    (Fig.   S).      Connect   the 
tendon  by  means  of  a  fine  wire 
to    the    pulley    of    the    muscle 
le\er,  suitably  weighted.     Con- 
nect the  sei(»ndar\-  terminals  of 
the    inductorium    arranged    for 
single   shocks  with    the  muscle 
U\tT  .ind  with  the  femur.    On 
a  r.ipidK  mo\mg  surface  secure 
records  ot  twiti  lies  immediately 
alter   the   muscle  has  been  im- 
nu  rsi'd  in   isotonic  salt  solution 
at    the  following  temperatures, 
each    tor    three  minuti's:  4°  C, 
10°  C.,    1.->°C.,  25°  c..   ;?o°c., 
S.')"  C  ,  and  40°  C.       Cse    the 
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>,mu'     ^tnii^ili     nt     >tiimiliis    in     t-.K  li     c.im'.        I  lu'     rtcords 
cm   Ik-  Mii)trinij)(»t<l  .i>  in   tin-  "In.iil  .md   uurk"  i'\|uriintnt . 
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A  timing'  fork  rt-conl  i>  niadt-  and  tlu'  lati-nt  period  is  also  shown 
by  the  signal  magnet. 

Discuss  the  variations  ui  nite  and  magnitude  of  the  [)hases 
of  the  single  contr.ictions  at  the  ditVerent  temperatures. 
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I.M'I  Kl\ll,\  lAl.    riIV->l<)I.<)(,V. 

Ilic  tiiniH  T.iluif  <>t  ( nl(l-l.lc)()(li(l  .miiii.iN  (KjuikI''  m  ly 
niiidi  upon  till'  tciniur.itiin-  (il  ilif  Miirnuinliin;  imdiiim.  tluri- 

Inrc,  ii    i-  iiuiili  iiiorr  \.iri.ililf  tli.m  lli.il  <it'  tlic  u.irin-l)l li<l 

imiiii.il.  \\li,itt\(T  i.m  hf  said  rrK-inlinL;  an  (ii)liimiin  tiinptra- 
liirc  tni-  troll's  mux  K-  tan  he  .ippliid  in  .1  iimditud  tdiiii  to 
iiiaiiim.iliaii  imi-rlf,  I'lif  latltr.  Iiowimt.  i-  m- irccK  t\iT 
-iilpjictid  to  a-  Lin-at  .1  ran^c  ot  ti  ni|H  rat  me  and  tlic  opinnuin 
i>  lii^lur. 

If  one  i^oo  liiAdiid  ilu-  ti  mix  ratuif  at  whi'li  tlic  nni-i  li- 
n  main-  initalik'  ccrlain  i  li.m^o  will  takr  pi,i( f  diU'  to  urc- 
\.r-ililf  moditiration>  in  tlir  mn-rlt'  (clI-.  Vhv  -lioiuinn^i 
ol  thf  muscle  fihrt'  >\m-  to  coaKnl-ilion  ot  llic  inn-rU-  proi.ins 
tan  1)1-  >lio\vn  l>\  sccmini;  .1  nconl,  ii|>on  a  \(i\  -lo\vl\  mo\  mi; 
drum,  of  the  effect  of  a  i;r.idiial  increa>e  of  temperature.  1  )e- 
xrilie  tlie  appearance  of  a  nui>cle  ><>  tre.ited. 

V  ..emical  cliani;e>  can  also  l>e  >'.o\vn  by  comp.irmt;  the 
riMCtion  to  litmus  jiaper  of  the  cut  -urface  of  the  muscle  with 
that  of  a  fre>li  mu>ck'. 


LOAD  AND  WORK. 

The  amount  of  work  which  a  muscle  can  do  deiui'ds  upon  the 
Kiad  which  it  c.irries.     If  a  load  is  li^ht  the  muscle  (k)es  not  accom- 
plish a  jtire.it  deal,  even  though  it  contracts  to  its  full  extent.     On 
the  other  ha:'d  too  ^ri'^it  a  load  overtaxes  the  musck-  so  that   the 
load  can  scarcely  he  lifted  and  thus  little  work  performed.      There 
is  then  for  e\ery  musile  an  optimum  load.     With  this  thi'  muscle 
is  able  to  do  the  greate>t  amount  of  work  at  e.ich  contraction. 
Experiment    11.     Arr.m^e    for    direct    stimulation    of    a    ^astro- 
cnemin>   muscle   fastini'd    to   the   lever  of   the   Iripod.      Adjust 
the  after-loadinj;  screw  so  that  tlu'  muscle  picks  up  the  load  in 
the  lar^e  scale  pan  as  it  starts  to  contract,     ("hoose  a  stimulus 
which  is  approximately  maximal.     The  records  are  to  be  super- 
imposed upon  a  rapid  k\nioj;raph,  so  that  after  once  st.irtin^ 
to   record   contr.ictions,   do   not    nio\e   the   relative   position   of 
the    apparatus.      A    sij;iuii     magnet    is    used     to     nulicate     t:ic 
latent  period.     One  tiinint;  fork  record  does  for  the  whole  set. 
I  sing  increments  of  ten  or  twent\-  grams,  depending  upon  the 
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■>'\/r    nl    the    lllll-df,    illcTf.lX'    tile    Icul    lllllil    tile    Illll-df    (Mil    IK) 
loiiuir  till  it .      <  >t>t,iin  .1  rt(  ord  ,it  i  .h  li  incrc.i-c  in  tin-  load. 

(  (iiiip.in' llif  l.ilinl  prrii  (I,  (iiiilr.i(lii)ii  iHiii.d  .md  nl.ix.ilion 

|)(ri<i(l  ,1-.  tlif  Id. id  iiii  riMM  ~. 

<  all  iil.itf  tin-  UMfk  dime  in  ur.mi-mi!linuliT>  .it  cm  li  (<>ii- 
ti.i,  tjcii  li\  imiltii)l\  in^  the  Icid  I'V  the  MTlii.d  di-t.iiui' 
thiMimli  uliiih  the  Id.kI  u,i>  ini.xtd.  Tlu'  l.iltir  i>  to  l>f  drtiT- 
niimd  li\  dixidiii^;  tin-  Iuiv;lit  ot  ((iiitr.ii  lion  .i>  ritonUd  mi 
ill.  diiim  l.\  llir  in,iL;iiili(  .itioii  ot  tlir  li\tr.  Now  plot  a  ciirM- 
ol  umk  ,i!id  111. id,  w  itii  work  ,i>  ordin.itc  ,md  lo.id  .l^  .ili-(i».i. 

W  li.it  is  till-  K  l.ilioii  III  llif  ni.iicnitiidc  of  tlu'  lo.ul  to  the  work 
.K  ( oiiiplisju'd.^ 


INFLUENCE  OF  VERATRINE  UPON  CONTRACTION. 

It  i^  ]iii>~il)lt'  with  ciTt.iiii  driii;s  to  .ittict  one  pli.iM'  ot  tlu'  coii- 

tr.ii  tioii    m    ,1    iiiu-rlc    without     ill, itrri, illy    iiio(lil\  iiij,;    tlu'    otIuT. 

\'(  iMlriiir  ,iiid   to  '-oiik'  fxti'iil   ^Kirrol  .md   iiicotiiu-  product'   this 

tllccl. 

*Experiment  12.  IVtp,iri'  oiu'  ),;.istro(iuiiiiiis  nuisck-  oi  ,1  Iroj,' 
•.\illioi,t  injury  to  tin-  tin  ul.itioii  oi  tlii'  otIuT  ^astrotiu-niius. 
Initct  a  lew  drops  oi  0.1' ,  \tr.itriiu- .Hi-t.itt' s<ilutio:i  into  the 
dor-.il  lymph  -.ic  of  thf  froj^  .is  soon  as  tlir  first  nuiscU-  has  Ik'ch 
prtp.md  .md  rtnioxi'd  so  that  the  otIuT  ^astrociu'inius  may  ^i-t 
,1  -iitti(init  .imoimt  of  tlu-  driiii  liy  thr  time  that  it  is  w.mtfd. 
Si'curf  a  rt'iord  oi  thf  contraction  of  the  nuiscU-  first  pre- 
p.ircii,  u>iiii;  the  spriiijr-(lri\eii  kymograph.  Now  prep.ire  the 
second  ga>trocnc-miiis  and  ohtaiii  a  contraeMon  in  a  similar 
f.i>liion.  IVoiii  time  to  time  t.ike  other  rerords  to  discoxer 
when   tlu-  xtr.itrine  eifert  disapfR'ars. 

Conip.iie   tlie  contr.ictions  of  the  normal  and   \  iTaw  inized 
iiiusdes. 

FATIGUE. 

It  is  well  known  that  excessise  use  of  a  muscle  reduces  its 
et"ticitiic\-.  In  f.tct  all  phases  of  contraction  are  affected.  .\  careful 
>iudy  ot  the  subject  shows  the  following  changes.  Repeated  con- 
tr.iction    at    first    causes   an    increasi'   in    the   response,   called    the 
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\  ">l,iir(  .1st"    ittVit.      A   m.ixiimim   is 

^ooii  ri.u  lu(l  aiitl  |)ir>i--I>  tor  a  liiur. 

\  riuii   llif  <  iiiitr.u  tioiis  ^;r.i<lu.ill\    di-- 

■■_  (  rt.isc  in   iiui^;nitu(lr  until  a  point    is 

I  ri-.i(  hfd  wluTi-  the  imis(  Ic  lail>   to  xv- 
>|)on(l  iKi^;.  *,t).      In    tin-   latttr  sta^v 

i  ol  fatimif  thf  miis(  Ic  may  tail  to  rilax 

:  intirily   liitwiiii   twitclus  so   that    it 

=  IHTsisls  in  a  st.itf  ot  contracturi'. 

\  it    lias    litrn    shown    that    ctTtain 

i  siiKsi.inci  s      .irc      produced      during;; 

'.  nuisciil.ir    .i(ti\it\     suih    .is    c.irbon- 

7  dioxidt'.    niono-pot.issiuin    i)hosph.iti' 

?  and  p.ir.i-I.K  tic  .icid.      it    tlusr    siih- 

t  st.nuis    .irt-    iiijertt'd    into    a     trt-sh 

z  nuis(  If  tlu'  tirst  I'tfi-ct  is  to  aUKiuiiit 

-  thf  rontractik'  nsponsi'.  Injiction 
J:  of  I.ir^iiT  amounts  riAtTscs  th»'  it'tict 
k  so  th.it  thf  rfsponsf  is  rfducfd.  in 
L.  otlur  words  it  is  possible  to  induii'  in 
=  .1  trfsh  nuiscif  thf  v.irious  st.i^i's  of 
:  stimulation  .md  f.iti^uf  by  mfans  of 
~-  tlif  wastf  subst.incfs  produifd  in 
^^  muscii',  thf  itffct  dfpfndin^  upon 
£  thf  (lu.mtitx  of  thfsi-  subst.incfs. 
f  ihfsf   obsfr\ations   If.id  oiu'  to  con- 

-  ciudf  th.it  thf  .iccunuil.ition  ot  w.istf 
\-,  sulist.iiufs  in  a  niusilf  is  a  UirK*.- 
fS  faitor  in  producing  thfSf  conditions. 
:"".  This   is  furthfr  substantiatfd  by   thf 

II  tact  th.it  increasing  thf  circulation  to 
i  I  a  musck'  dila\s  the  onsft  of  f.itiguf 
1=  and  prolongs  the  staircase  cfTfct. 

I  In    frog's    muscle    fatigue  is    ac- 

--.  comp.inied   by  a  lengthening  of    the 

?|  time   for  contraction   and  relaxation, 

-  i  while  in  mammalian  muscle  the  con- 
£  i  tractions  merely  become  shorter,  with 
"^  £  little  effect  upon  the  duration.     The 
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u^iiin-iip  of  inatt-rials  stoml  in  niiiscU'  also  (•••iitril)Utis  to  fati^iR', 
for  in  starvation  fatinni'  is  ituliucd  niorr  nadily  whilf  tin-  feeding; 
of  v;lu(dsc  liflps  to  prt-vcnt  it. 

Effect  of  Fatigue  upon  Contraction.- la  tinur  is  partially 
(liif  to  tin-  aniiinulation  of  waste  siilistaiK  ts,  tlurifori-  any  ro- 
<luction  in  tin-  circulation  will  hasten  its  onstt.  In  the  onlinarv 
muscle  preparation  which  has  Iteen  removed  from  the  i  irculation, 
fati^ne  de\elops  cpiickly  and  is  easily  studied. 

Experiment  13.  Prepare  a  vjastrocnemius  muscU-  in  .i  moist 
(hainlier.  .Arr.mKe  apparatus  for  oht. lining  l.ttent  period,  con- 
tra(tion  i»eriod,  and  relaxation  jjeriitd  upon  a  r.ipidly  mo\  in^ 
drum.  I'lace  a  simple  key  in  the  primary  circuit  so  that  the 
musde  (.III  l)e  stimul.itc-d  either  liy  the  ki>  or  by  the  contact 
on  the  drum.  .Xfter-lo.id  the'  muscle  with  ."»  to  '20  ^rams,  de- 
pending upon  its  si/c. 

l'ii>l  olit.iin  .1  rec-ord  of  .i  normal  conlr.ution,  then  move 
the-  stand  slightly  so  that  the  writing  points  do  not  touch  the 
drum,  noticing;  the  ex.ict  pi. ice  where  they  left  the  p.iper. 
Stimul.ite  the  muscle  with  2.")  shocks.  Inunediately  move  the 
writing  points  to  their  original  [josition  and  secure  a  record  of 
a  single  contracticjn.  Shift  the  stand  again,  stimulate  2')  times 
.incl  then  m.ike  another  record.  Continue  this  process  until 
the  muscle  has  lieconu-  greatly  l.itigued.* 

Allow  the  muscle  to  rest  10  miiuites.  Is  there  recovery.'' 
If  so,  how  do  you  .iccount  tor  it  without  circul.it ion.'' 

M.ike  a  c.ireful  study  of  the  ch.mges  in  the  muscle  curve  at 
ditferent  st.iges  of  f.itigue.  l-"..ich  cur\e  should  he  numbered 
and  identitu-d  ,is  1,  2('),  .")l.  7(),  etc. 

The  first  itfect  of  the  accunuil.ition  of  f.itigue  products  is 
an  incre.ise  in  irrit.ibilily  so  that  gre.iter  contractions  from  the 
s.ime  >tinuilus  mav  be  obt. lined. 


TETANUS. 

\'oluntary  muscular  action  is  caused  by  a  r.ipid  succession  of 
impulses  travelling  outward  along  a  motor  nerve.     The   muscle 

*Tlus  m<)\cnicnt  of  the  stand  must  lie  made  with  evL'r>  precaution  to  see  that 
j|       when  the  writing  (xiint  is  reapplied  to  the  drum  it  writes  at  precisely  the  same 
point  each  time. 
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,1,,.,,.,,,,,.  .1...-.  unl    ,.^I.nM.l   I.N    ..  ^Miplr   t  U  i  t .  1..  l-lt    Ia    ..   M.o,(    or  l.SS 

su^t.iin..l  ..Mili..rii..n.  Ia.m  tin-  .lui.  k.  .t  s,,hint,.ry  inux.i.unts 
,n,,\   I..-  a  li.-ion  nt  ^*\.i,il  mmi|>1i'  <  ..mIi.k  ti..n>. 

s,A.i,,l  immmI.  li.ivc  Ih-.m  ul,t.iiii.-.l  nt  ill.'  ...iiiix'siK'  ".'turf  ot 
mull  .  .,„t....  tiuM,  lirM  it  Im>  l..tMi  tnun.l  hy  tin-  u.i'  .-f  .i  s.MMtive 
,,.,ls,.Mu,n...r  thai  srv.  ral  imi.uU>  pa^.  al.mu  .i  iutn.-  uliuh  .s 
«A(itiiiK  -i  iii'isdi-  INCH   t(.  briff  ( (.iitrarl  loii. 

Vc.ml.  a  >..un(l  .an  l.r  li.anl  thrn„v;li  a  >trll.u..  .,ik  applu-l 
.,,  ;,  m.iMlr  loMtra.  li.iK  voluntarily.  This  snun.l  i^  n-  <lnnl.t  .Im- 
,.,  ,hf  ,..ntra.  ti.M.^  ,.,■,  nrrinv;  >..  .L.m    tn^;tth.r  an-l   tlui^  .  ans.n« 


,■        ,,,      Cr  .uhir  r.',  ..,,1  ,,1  two  v.,linu,,rv  ...mra.  i.u„s  -huwn.i:  tl,t;„  i.-ianu  .mUii.-.     M.idc 

vil.ration  of  the-  air.     'Hu.  >.huuI  h.ard  is  u>ually  an  ..vcTt-nc  be- 
cauM-  thr  actual  vil.raiic.n  ratr  is  so  nc'ar  the-  limit  of  au(hhihty_ 

Ihir-l  a  maKMiifu'd  n-o-nl  ol.taiiifd  by  nuMiis  ol  a  Icvur,  of  a 
luuM-k'  uivlcT  sustaiufd  xoluntary  contraction,  is  not  pcrtcctly 
smooth,  but  contains  many  fine  regularly  occurring  contractions 
suiHTimiH.scd  upon  the  main  contraction  (Fii;-  1<>). 

Kinallv.  in  or.Ur  to  produce  a  sustained  artituially  stimulated 
iitraction  resembling  a  ■  iumar>  contraction,  il  r..  nccc-ary  t^ 
„,1  into  the  muscle  a  r..      1  succession  of  stimuli.     Such  a  con- 


con 

sc 

traction  i>  c. Tiled  tetanus. 


r  y-> 


\.ii  1  \  1  \:'S    Ml  -'  1  I 
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Summation.      Ii   mo  >timiili    m-  miU   im-  .i  nm  <  !<•  m  rinse 

sii((t>si<,ii  X.   Ili.it    tlir   imi-.lr  li,i~   IK. I    .umplil.lN    nl,i\r.l   iK^turf 

;!h'   mc.ikI    sliimilu>    i>   titr.  ti\ .-.    ilu'    l.iti.r    .niitr.n  tioii    will    !•«• 

"J       liivihtr  tli.i'i   the  lir-t.      I'lu-  sicoii'l  ( ..nlt.ic  ti.m  .nli's  its  i-tfcrt   to 


« 


th.it  (.t  thr  rir>t,  ihtnfnrc  tlif  ;;rf,ilr-t  -uinm.itimi  will  otiur  w 


lu-n 


[.  I,,  11  Th.-  i-n.-.  t-<  of  <iiiir->ivc  stimuli  nn  .krk'Ial  iiiusi  li'  .iiwl 
ranli.n  mustli-.  Tlic  vi-rtu.il  rii.irk-  ^hnv;  wh.-ri'  ■.tiiiuili  wi-r>-  iiitrndiucd. 
Tr.ii  ini:-  iit  liotlcm  .ii<-  Ui'-  tr-iili  nl  stiiimli  <uIIh  ii-ntl'  c  lost-  tr.kifthi-r  to  jircj- 
(lu.i-  ti'i,inu<.  N'.iiui- '.li.it  till- hr.irt  -liiiw-  ntU  lur  »uiiiiii.Ui(>ii  imr  ti-tanus. 
'C.ini'ili'l  ":.m  ti.u  ini:-  I'liMi-li'M  l.y    1.1..  Hr.  ■,!,,■  .,n,i  Lt'..n.ircl  llilb. 


the  sicoiid  >tiiniilus  is  itU(ti\i'  duiiiii;  tin-  i;n-,il< -t  In  iiilit  (it  the 
tii>t  ((intrat'tiiiii  il'ii;.  11'-  A  ((rt.iin  .iiinuinl  ot  suiiiiiKitioii 
n-ult--  (At-n  thdUiih  a  ni.ixiin.il  stimulus  is  iisid.  A  siTits  nt  rapidly 
U(uati<i  stiiiuiii  oil  .HiDiiiit  III  tin.'  suiiiinaliiiii  lihrt.-',  Will  caiiHr  a 
much  hi^duT  ((iiitracti'in  than  is  nlitaiiu-d  from  a  siiiKh'  stimulus. 


;iti 
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Analysis  of  Tetanus. -Voluntary  musck-  o.ntr;uti..n  is  really 
a  s.rics  of  iwilclus  o.currin,  so  rapidly  that  rclax^Uion  .s  ,nnm> 
pl,t.  or  tails  to  develop.     This  action  can   he   analyzed  bet  b>   a 
',,h1v  of  iwo  >inipK'  twitches  ocei.rrinK  close  to^ethcT 
Experiment   14.     Arrange  a   mu.cle   in   the   n.o.st   chamber   fo 
^Munula.i.m     bv     .he     inductorium.       Set    an    electro-magnet  c 
.iunal  close  to'an.l  in  line  with  the  writing  ponit  of  the  muscle 
,,vc.r      'onnec.  .he  .ignal  and    .he  kymograph  in  .he  primary 
,i,,„;,  Ijust  both  contact,  upon  the  <lisk  of  the  kymograph 

,„  ,i:,c  tv  ,  stimuli  are  sent  into  the  muscle  with  each  revolu- 
tio.  the  drum.  With  the  contacts  far  apart  obtain  a  record 
,f  ,  .itches  v.hen  the  <lrum  is  release.l.     Make  a  scT.es  of 

records  m  which  the  stimuli  are  closer  and  closer  tc,gether  by 
adjusti..g  the  sl-ding  contact.  Continue  this  ser.es  to  the 
noint  of  complete  summat.on. 

1,1  order  to  observe  the  effect  of  more  than  two  successive- 
stimuli,  .c'place  the  kymograph  by  the  v.  nec-l  interrupter  .n 
ihe  circuit.  Make  records  on  a  slower  drum,  turning  the.  inter- 
rupter at  different  rates.  With  each  new  trial  increase  the  rate 
un.il  complete  fusion  is  obtained. 

Nevt  replace  the  wheel  interrupter  by  the  vibrating  spring 
on  '.he   inductorium.      In   this  way   tetanus  can   be   produced 

automatically. 

Discuss  summation  and  the  development  of  tetanus. 

RED  AND  PALE  MUSCLE  FIBRES. 

\-olunt.irv  musc-le  fibres  may  be  of  two  kinds,  one  pale  in  aspect, 
the  o.her  rc'd.  The  red  fibres  are  thinner  and  possess  a  larger 
amount  of  sarcoplasm.  They  possess  a  greater  number  o  .mclei 
ancla  larger  blood  supply.  Many  of  the  capillaries  to  red  hbres 
are  furnished  with  dilatations. 

Red  fibres  contract  more  slowly  and  fatigue  less  readily  than 
do  pale  fibres.  The  former  appear  to  be  adapted  for  heavy  work, 
while  the  latter  are  for  rapidity  of  action. 

Some  musclc-s  are  c-omposc-d  largely  of  red  fibers,  such  as  the 
,  ...  :.,  ..,..  r.i>l.o       The.  gastrocnemius  cm  the  other  hand  con- 
lahr-no^tiv   pale   fibres.     Unite  often   both    types  ot    hbres  are 
present  in  a  muscle,  but  one  predomm.iting. 
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HEAT  PRODUCTION. 


\  nu.Mk.  ,iv.s  up  a  r.-nM.lmil.k-  aiununl  of  nuT^y  in  th.  fnrm 
,f  h.a.  .  lu.n  it  rontrarts.      !•  v.ryo.u-  is  familiar  w.th  tlu'  uu-n.a..<l 


Siistaiiuil  coiuractuiii  m  .i 

niori-.  liut  dui'  to 

luat  isdistrilmtfd 


amount  ..I  luat  aftiT  \-ii;orous  rxerciM'. 

Z^o  nu,.I.  n.av  rai-.  .h.  t.m.H.atun.  T  C  or  moa;.  Im,  .lu.  t.> 

tin-  .  ir.ulation  an<l  thr  control  nurliani.MU,  ^-xcr 

and  tAintualK'  lo~l.  , 

It  iM^  Iktu  r.timatrd  that  f.O  t,.  75  ,H.r  ,vnt.  ..I  tlu'  ^'uvrv^y  usc.l 
i„  ,„„t,,,,i„n  ,M-o.lu,HS  luat,  thr  balan.v  bnn,  converted  u.to 
uork  I  n,.ra,ti>rd  nu^vrmcnts  rrsult  in  a  u^atrr  proportum  ol 
,„.^^^  ,„-,KUutlou.  Training,  thrr.for..  i^  highly  important  m 
erttiny  thr  v;n'at'>l  w.rk  from  a  uuim-1c.  ...  ,. 

Tlur..  arr  tuo  ~.au.>  of  h.a,  produr.ion.  Th.  hr.t  ,s  umm.h- 
a,.  .,r  ".NploMvc"  in  .haractt-r  and  will  tak.  pla.v  in  tlu^  ab^i-nre 
of  inv  oxv^.n.  For  .xam,)KN  a  musrlr  ^^hi^h  contrart.  m  Rm^vr  s 
solution  from  which  frrr  oxv,.n  ha^  Incn  rctn<.vr.l  or  .n  nUrogcn, 
rclra^r.  luat  of  th.-  hr>t  sta^i'-  Th--  Mcomi  ^tauc  .KvcL.ps  sloNV.y 
and  i^  i.o>tpom<!  if  onv^cu  is  al.>uit.  The  cvolulum  ot  heat  m 
thi^  sta^f  continues  inr  a  lon^  time  after  the  mechanual  re-^ponse. 
The  amount  of  heat  evolved  is  as  KTcat  as  that  of  the  hrst  sla^e. 

Heat  i^  extremelv  important  in  the  maintenance  of  a  constant 
temperaturi'  in  mammal>.  It  i>  this  maintenance  of  a  more  or  less 
„puumir.  temperature,  in.leiniulent  of  the  external  temperature 
which  make>  mammals  more  eUuient  than  the  lower  anmials. 
Without  nuixular  aclixity  this  would  he  impossible. 

RIGOR  MORTIS. 

Within  a  few  hours  aftir  an  animal  dies,  its  muscles  undergo  a 
pronounced  irrevi  rsihle  change.  They  contract  and  lose  their 
extensibility.  The  contraction  i>  not  vigorous  as  can  be  shown  by 
resistinii;  it  with  >liiLiht  tension. 

The  chemic.il  (  hant;e>  which  miih  to  underlie  the  process,  are 
the  production  of  t  arbon  dioxide  .uul  lactic  ,icid.  which  bv  causing 
coaiiulation  of  the  muscle  iiroteins,  myosiiioL'en  aiul  i)aramyosm^en, 
brim;  about  the  contr.iction.  Incomplete  oxidation  sei'ins  to  favour 
the  de\"eioi)ment  of  riuor,  ioi  li  pii  iii\  <m  wxyKcn  ;;-  su|i|;Ue(}  nc-th'T 
riyor  mortis  nor  lactic  .uid  i>  i)re>ent. 
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III. It  i>  .iIh)  i)r(>(lii(r(l  a>  liiiiditN'  (■iiim--(in.  whirl)  accniints  for 
the  w. ninth  which  ni,i\-  lie  iiDtit  rd  xniirtinu-  h(>ui>  .ittir  death. 

Kii;()r  iiKirii-  ln-iiii;  diif  to  clu'inical  <h,in;^t-,  aiutliiiiu,  wliich 
ha>lins  ihv.'V  iAU>v>  an  i-ailirr  (levt-lopnu'iit  of  tlu'  loiKhtioii. 
Thus  till'  onxt  i>  nuich  t-arhiT  at  hi^h  tcniiKT.itiirts;  low  ttinpira- 
tiiris,  cointTMK  .  i)o>t|)onc.  I'"atii;iH',  by  siu'idiii^  up  tin-  produc- 
tion of  l.ictM-  acid  and  otluT  substances,  c.iuscs  an  earlier  appear- 
ance ot  ri^or. 

This  co.i^ulation  of  the  muscle  in  rii^'or  mortis  may  last  for  two 
or  three  da>s,  wlun  it  is  terminated  liy  autolysis. 

("oai^uhition  of  muscle  proteins  may  be  causi'd  b\  hi'at.  If  a 
nuiscle  is  graduallv  heated  two  stages  are  found  to  be  present  in 
the  development  of  ri^or,  the  first  at  'M^"  <".  in  the  frog  and  47"  (' . 
in  the  mammal,  the  second  at  r)()°  C.  in  the  frog  and  (12°  C.  in  the 
mammal.  The  tif-st  is  due  to  the  muscle  proteins  proper  and  the 
second  to  the  counectixe  tissui-  subst.uices. 

Heat  rigor  is  more  complete  .uid  does  not  tlisappear  when  auto- 
lysis supcrveni's. 

Similarly,  clotting  of  the  muscle  i)roteins  may  be  produced  by 
alcohol,  chloroform  or  other  substaiues. 


ELECTRICAL  CHANGES  IN  MUSCLE. 

Klectrical  changes  .iccomp.my  the  contraction  of  muscle.  This 
can  be  shown  by  tonnecting  a  sensitixe  galvanometer  to  a  muscle 
which  is  CcUised  to  contract  \ohintarily  or  through  artificial  stimu- 
lation. .\  w.i\i'  of  negati\-e  variation  travels  from  the  point 
stimulated,  whether  it  be  the  motor  end  plate  or  one  end  of  the 
fibre  in  cont.ict  with  stimulating  electrodes.  All  other  parts  of 
the  muscle-  are  positixe  in  relation  to  this  wa\  e.  Suppose  as  in 
l-'ig.  12  the  g,d\anoineter  (".  's  coniu'cted  to  the  muscle  at  2  and 
:?  anil  the  stimulating  electrodes  are  .it  1.  A  single  contraction  is 
initi.ited  at  1.  This  contrattion  is  preieded  by  a  neg.itive  electrical 
condition  which  hr>l  reaches  2  l.\i,  at  that  moment  2  will  be 
negati\t'  in  rel.ition  to  'A,  c.msing  a  detlection  of  the  galvanometer. 
Th.e  w.'.\e  continue-  to  nio\  e  onward,  fiuickly  passing  2  and  soon 
reaching  ■\.  When  3  is  re.iched  i  B)  it  wM  !)ec<)me  negative  to  2. 
There  will  therefoii'  be  a  reversal  of  the  galvanometer.     The  gal- 
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vaiKMiutir  in.Av-.  tn>t  in  oiu-  dirr.  -ii  ,m.l  thm  in  llir  ..tluT.  This 
i>  ,.,l!i(l  ,1  (lipli.i.ir  variation.  'V\  tUrtrical  change  attrnilini;  the 
contra,  tinn  ol  nuisdf  is  (ltsii;nat(<l  tlu'  .\(  lloN  i  iKKl  NT. 

When  a  nui.-.lr  is  (  ut  or  injund.  that  particular  rriiion  luronu'S 
ckctn.ni'Katiw  to  other  parts  of  tlir  niiixK-  wliirh  are  uninjiir»>(l. 
If  fonnirttd  by  a  conductor  a  slit;ht  currtnt  will  hv  set  up,  <-alkd 
the  n   kKl.NT  Ol'    INJl  KV. 

THE  NERVE-MUSCLE  AS  A  RHEOSCOPE. 

Till'  clc.  tri(,il  chan^is  set  u])  in  nuisclf  can  be  detected  liy  a 
vigorous  ner\e-imiMle  preparation.  The  nerve  is  permitted  to 
touch  the  muscle  at  a  neg.itive  re.t;ion  and  a  positive  re^^ion.      In 


iMi;.  IJ.  Diagram  to  show  the  iiassiiKi- "f  an  cliTtrica!  dianKC  over  muscle.  When 
a  mii.^1  le  U  stimulated  at  one  end  (;)  a  negative  elei:irual  chanRe  is  start'-d,  passinK 
aloni;  the  nui.srle.  just  precedinK  the  contraction.  .\  Kalvanoitieti'r  (('■)  w  conneited 
with  the  muscle  hv  two  leading  off  electrodes.  -  and  i.  .\s  the  negative  chanRe  reaches 
:  (A)  the  current  will  pass  through  the  Kalvan.imeter  from  .•  to  .v  Hut  when  the 
nei;.itive  vari.ition  re.u  lies  J  (ii)  the  current  is  rev.-r-ed.  This  is  called  the  diph.isic 
vari.ition. 


a  fre-hlv  cut  muscle  at  the  time  of  makinii  the  second  contact, 
the  rheoscopic  nuiM'le  will  twiti  h.  In  a  muscle  stimulated  through 
its  nerve  the  rheoscopic  muscle  will  twitch  at  e.ich  twitch  of  the 
tested  mu-(le.  The  eNpl.nialion  is  that  the  electrical  changes 
in  the  toted  muscle  are  >troni;  enough  to  initiate  impulses  in  the 
ner\t'  of  the  rheoscopic  prepar.ition.  However,  flue  to  the  poor 
condition  of  the  rheoscopic  lu  r\i-mus(  le,  the  experimeii  frecjuently 
f.iils. 

The  sciatic-jiastrocnemiiiN  prepar.ition  to  he  used  as  a  rheoscope 
shonld  l>e  t.iken  from  a  mtv  he,illh\-  frov;  and  dissecte<l  out  with 
the  lireatest  c.ire.  Aiiu-e  oi  the  ner\  e  m,i\'  de>troy  ii>  >eii>ilivener>S 
so  til, It  ,1  new  prep.ir.itioii  mu>t  he  made. 
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Experiment  15.  Current  of  Injury.  <  )iu'  tiul  »\  a  ^iastroc- 
luiiiiiis  imiM-lf  i>  cut  .!<  n.ss  tnui>N crxly.  This  an.l  tin-  rlieo- 
scopic  preparation  are  i)lacfil  side  by  side  on  a  ele.m  lil.i—  !)1  ate. 
The  rlieoM.ipic  nerve,  near  its  muscle,  is  i)lace(l  in  contac  t  with 
tlie  uninjured  siirtare  of  the  muscle  to  he  tested,  the  rest  ot  the 
ner\e  l.ein^  held  apat  by  me.ms  of  a  i,'lass  hook.  Now  the  tip 
,,f  the  rheos(opic  n.  rve  is  allowed  to  touch  the  injmed  Mirtace 
,.f  the  inus.l.-  to  be  tested.  A  ( ontnicti. -n  of  the  r'voscolMC 
mUM  le  ^-hould  result  at  llie  moment  of  the  nerve  s  contact  with 
the  injured  -urface. 

Current  of  Action.  Two  ner\A-mn-(le  prep.irations  arc  laid 
side  bv  >ide  on  a  ^la.^  i)laf.  Ihe  nerve  of  the  one  winch  is  to 
ser\c  a>  the  rlieo^ope  is  pl.H.-l  lent;thwi>e  a'^ain>t  the  muscle 
t,,  l,c  toted  and  is  then  liftid  bv  a  ^la^  n'd  at  il>  middle  so 
that  it  is  in  contact  with  the  nui>cle  oiiK  .it  both  ends.  Ihe 
nerve  of  the  muscle  to  be  tre.ite.l  i>  luxt  >timiil,ite(l  by  single 
shocks.  With  each  twitch  the  rheoscopic  muscle  >hould  re- 
spond. If  the  test  muxU'  is  tetani/ed,  the  rheoscopic  muscle 
should  be  tttanized. 

A  second, irv  twitch  can  .il>o  1h'  obtaiiud  bv  layini;  a  freshly 
prep.ired  mvw  upon  a  bi^atiuK  froR  he.irt.  The  two  regions  (^f 
contact  for  the  nerves  are  thi'  base  and  the  apex,  the  middle 
p.irt  of  tin-  nerve  bein^  held  away  from  the  contractinji  muscle 
as  before.  K.ich  be.it  should  produce  a  twitch  of  the  i^astroc- 
nemius. 


CHAl'lKR   III. 
SMOOTH  MUSCLE  AND  CILIATED  CELLS. 


SMOOTH  MUSCLE. 


'I'lu  ic  ,irr  t\\(i  txpo  of  inu-clf  wliiih  arc  in<lr[Hii<lriit  of  \(ihm- 
t,tr\  actidii.  (.inli.ic  niii-i  Ir  wliicli  is  ^tri.ittd  and  ^iiKinth  imisrle 
\vlii(li  la(  k>  iiaii-NtTM'  striatioiH.  SiikmiiIi  nui-clf  tihrcs  are 
cloni;  lied  and  pnintcd  at  Imtli  cnd^.  TIua  arc  i;ii'  r.dly  colK'cted 
intn  Imudl.-.  'rin-r  l)nndlrs  arr  altachtd  at  tlicir  rnds  ti>  the 
im  inliraiHiu-  |)arl>  where  they  (icciir. 

The  inijidrtante  <<\  jilain  or  sinnoth  niiis(  It'  will  lie  rfalizi-d  when 
it-  \\\<\v  ili>trilintiiin  i>  eun^idi  red.  It  is  found  in  thi-  lower  half 
of  tin-  Kiill't.  the  >ton)  icii,  ,ind  inte>tini~.  In  the  alimentary  canal 
it  oicurs  not  onl>  in  the  innM  iilar  coat,  but  as  a  layer  in  the  mucous 
ineiiilirane  and  in  the  \illi.  It  is  i)resent  likewise  in  the  trachea, 
hroiM  hial  tiii.i.;.  Madder,  ureters,  uterus,  ^l.mdular  ducts,  genital 
oruans,  spleen,  cili,ir\-  inu>cle  am!  iris.  The  contr.ntile  element  in 
blood  \tssels  co!i:^ists  of  iilain  muscle.  Thus  it  is  by  means  of 
smooth  muscle  that  blood  i..  shifted  from  one  part  to  another  and 
emergencies  are  met.  This  adjustment  is  controlled  largely  through 
the  ner\'ous  system. 

MoM-nunts  of  the  aliment. try  canal,  mixing  of  the  digestive 
tluids  with  the  food  and  otiward  proi)ulsion  ot  the  contents,  are 
brought  about  by  smooth  muscle  Its  function  in  regul.iting  blood 
supply  and  the  mechanics  of  digi'stion  are  alone  sufficient  to 
demonstrate  its  necessity  in  the  org.uiism. 

Extensibility  and  Elasticity.  The  extensibility  and  elas- 
ticity are  similar  to  those  i)roperties  in  striated  muscle,  llowi'ver 
in  the  stomach,  bladder  and  uterus  the  extensibility  is  much  greater. 
The  cap.icitv  of  these  organs  depends  upon  the  power  of  extension, 
for  when  inipt\-  the\'  are  contracted  to  a  small  sizi-. 

Irritability,      idectrical    stimulation    is    relati\ely    ineffective 
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wiili  |il,iiii  iiin'(  If,  .-iroiii;  (urrnits  iK-iiiiL^  rr'|uiii'(i.  IniliH'tKHi 
^lini  k-  .ire  1( >>  clTti  ti\f  than  i;.il\anir. 

M((  li.inii  ,il  -liiniilalinii  in  tlu'  lurm  of  stretching;  is  \>y  f.ir  !ie 
iiKisl   ailt<|Uatr  iniii)  of  Stimulus,  .it  U'.ist  aiiioii^,^  artilui.ii  stiiinili. 

Contraction.  The  i.atim  I'iikiod  for  sinootli  nuisclc  nspousi- 
ni,i\  Ik-  .is  iiiu(  h  .is  one  luiiidrcd  to  U\v  tuindrcd  tiims  th.it  of 
stri.ited  must  K'.  In  tlu-  froiii's  stoni.icli  it  is  from  one  to  tin  seconds; 
for  tlic  (.It's  M.iddir,  (1. 2.")  stc.  and  for  \  iscular  muscles,  (>.:?  to 
()..",  sec. 

The  t  ()\IK\(  Ti()\  ri.KKil)  m.iy  l>e  .is  much  as  1.";  to  20  seconds 
for  !he  frog's  stom.ich.  Tlu-  .iinount  .md  diir.ition  ot  the  con- 
tr.iction  depends  uj)(  n  the  stimulus.  In  the  frovi's  stomach  a 
sii.nle  contraction  ma\  decrease  the  stom.ich  by  l.j' ,' ,  while  tet.inus 
niav  reduce  it  .")'.»'  ,' .  Alt!i()ui;h  the  contraction  may  l)e  lar^c,  it  is 
much  K^''"hr  th.iii  that  of  \-oiuntar\  muscle. 

Ri.l.A.XA'^  N  1'krk)I). — -The  time  consumed  in  relaxation  is  much 
longer  than  that  for  contraction.  In  the  frog's  stomach  it  is  said 
to  be  from  tiO  to  SO  stc. 

Summation  and  Tetanus.  Two  successive  stimuli  properly 
spaci'd  will  cause  summation.  A  series  of  stimuli  will  cause  tetanus. 
To  do  this  they  need  not  be  \er\'  freijuenr.  A  stimulus  every  five 
sei'onds  i,-i  sutVicit'iit  in  the  frog's  stomach. 

Tone.  Smooth  miisde  possesses  the  powc-  of  remaining  in  a 
condition  of  lu'isisti-nt  shortenini;  for  lon^;;  p.'ricds.  Thus  hollow 
viscer.i  c.m  .idapt  tliemsehi's  to  their  contents.  Tone  can  be 
varied  in  diti'erint  wa\s.  ("ooliiiJK^  increases  it,  while  heat  decreases 
it.  The  most  import.uit  me.ms  of  controlling  tone  seems  t'  l)e 
throuijh  the  extrinsic  nerve  siii)pl\  ,  e.i;.,  stimulation  of  the  vagus 
increases  stom.ich  tone,  cutting  the  v.igus  jiroduces  tlabbiness  in 
the  s.ime  organ.  Throughout  lift.'  the  w.ills  of  the  arterits  resist  a 
high  i)ressure,  this  rt'sist.ince  lu'ing  controlled  by  the  niTvoiis 
s\  stem. 

Rhythmicity.  Smooth  muscle  in  certain  i)arts  of  the  body 
is  .ible  to  undirgo  rlntimiicd  contniction.  These  are  the  alimeii- 
tar\-  c.mal,  uri'ter,  l)l.idder,  spleen  and  blood  vessels.  In  the  sto- 
m.K  h  .md  intestini  riuthmic.il  acii\ii>'  is  iiidiued  i»\  tension.  1  he- 
rate  of  these  contr.ictions  is  somewhat  as  follows:  stom.uh,  '.^  per 
mill.,  intistine  12  jht  niin.,  spKen,  1  piT  min. 
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III   ilii-  ( (.lint  (  ti'iii   it   i^  impdrl.iiit    to  iii.ikf  it   clcMr  lli.it   tlifse 
iliNihinic  nil  i\  I  nil  nt^  ,irc  ^ii|h  rim|)i  ixd   uikhi   w  li,itt\  ir  loiidiliDn 

c  i|    Ii  illr  priA  ,ilU. 

llif  intiiii>li  iur\c  -iiiipK  ~i(ni-  to  jin-idc  (i\tT  rlnthinit  it\'. 
Experiment  16.  Contraction  of  Smooth  Muscle.  An  1.- 
>li.i|Hil  ;^Ki>~  1(1(1  i-  t.i-tcin(l  liy  ,1  (lanin  >( i  th.il  il  cm  1h'  w^vil 
t(i  sui)i)(>it  ,1  ]>it(  f  of  inic-linc  .iIkhk  2  ini.  Idiii;  in  a  ^m.ill  lu'aktT 
(it  Kinmr's  sdliition.  I'lu'  latttr  is  ni.iiiitaincd  at  a  tinii)cra- 
turc  of  o7-;>S^  (  .  Ii\'  iinimr:^in^  tin-  hrakiT  in  a  l.ir^;t'  tin  iii 
iisfd  as  a  watir-liatli.  Air  is  allowid  to  l)iilil)k'  slowly  throng" 
llir  Kiiivicr's  or  !,()(  kt's  sohitioii'  by  fixing  a  small  ^lass  tubc^ 
idniu'ctini;  with  the  compressed  air  siii)|)ly,  so  that  its  opening 
is  IK  ar  the  liottom  ot  the  he.iker.  When  all  is  ready  one  end 
ot  a  piei  t  (il  intestine,  cut  trom  a  rabbit  which  h.is  just  been 
killed,'  is  .ittached  to  the  liook  of  the  ^lass  rod  and  the  other 
to  a  heart -le\er  which  is  arranged  to  record  on  a  slowly-moving 
drum.  Contractions  r)f  the  longitudinal  muscle  will  produce 
movement  of  the  lever. 

After  recording  ?everal  normal  contractions  try  the  efTect 
of  temporarily  reducing  the  air  supply.  Later  allow  the  tem- 
perature of  the  Ringer's  fluid  to  f.iU  to  that  of  the  room  and  note 
the  (  h.inges  in  tone  and  rhythmic  contractions.  Finallv  study 
the  eltirt  of  stiniul.ition  by  electricity.  When  ready  to  stimu- 
late remo\e  the  Ringer's  solution  for  .i  short  time  in  order  to 
l>re\ent  short  (ircuitiiig.  Tr\-  make  and  break,  direct  •  nd 
indirect  (  urreiits.  I.attr  attempt  to  titani/e  the  segment. 
On  a((('unt  ol  the  long  latent  period  do  not  run  the  stimuli  too 
close  together  when  singK'  shocks  are  used. 

( )bser\e  the  direction  in  which  a  contr.iction  travels  when  a 
piece  ot  intestine  is  pinched  with  forceps.  In  order  to  remember 
which  IS  the  ontl  I'lid  a  lig.ituri-  should  be  tied  around  that  end 
when  the  segment  is  nnioNcd.  Do  the  contr.ictions  alwavs 
ino\  e  ill  the  >aine  direction  from  mechanical  >timulalion.''  Is 
tin-  type  of  stimulus  more  or  less  ade(iuate  than  the  electrical? 

'  I  he  w.iltT  uilli  whi(  h  liu-c  Miiiilidii-  i-  mkmIc  up  mii-t  lit-  pure  (|i^li|l     I.      It 
:;.,     ■.■■i\  ;;  ..lir  ,  \,„  i  iu(.  .    m  t  ho  i.ilini  ,iii  p|  >   i  ii.ii  i  iii(irin,ilf(i  i.ikc  w.Ucr  cinnol   In- 
li-  A  to  (ii-iil  ir.ini.      \Vr  ,irc  CDhip-llcd  to  u-c  -iiriiv^;  wali-r  from  ulii(  li  to  prc- 
.  ]  .'.rr  tilt"  (ii~tllli-.|  wMicr. 


>-\\ 


w    mlotinf,  .ilti-r  ninowil  frcm  t 


If  r.ilitiit,  i 


prc>(r\((|    HI   (Old 


liiition  tliroiigli  wliidi  ovyKt-ii  or  air  is  ocr.isionailv  l)ul)i)lf(J. 
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Iaii  KIMI  N  1  \I.    I'llS-IOLOC.V. 

CILIATED  CELLS. 

,„„,,,„i,,„  „,,lunn,->ul,.rtiw...,MlHl..,lyllHrc  arc  other 

„,,,,,  iilr  I  1,  in.  111--.  \i/..  (  ili.itnl  ccll^. 
•11,,  p,„pM~.   ul  .m.t.M  ..•■1-  i.  to  remove-  mucous  an.l  f-rn^a 

lluA    .Hv  tlu'iiforc  found   in   llif  nuirous 


nynx,  l.roncln,  nosr,  larhrvm.il  duct, 
,ul.s(;f  tluipididymisl'.n-tadii.m  tul>is 


liddit  -•   lii>ni    iM-~au«  -• 
iiicniliiMnt-  "\    till-  iracluM 

Mil  111-,  I  .llli'l'''"'  ""''  "■  '"' 
and  iniddK    r,ii  .  , 

•l-,,.,-,,  i.  ,,,,„„.  l,,,fMl,a  to  each  cell.     Not  ..nK   llu- nlia  ut  the 

,,„n,     .,11.    iMit    tl„.M.    Ml    neighbouring    eell-.    u^n^v    ni    a    driinite 

M-(|U.nc.  .  M,  tli.ii    ilun-  i-  u.-ordinatimi. 

•11,,.  ,„,ur,  ul  lluM-  .ilia  aclin;^  tn.;r;h.r  i-  c --n-ideraMe.  It  .3 
..stinian  ,1  .i,..i  il.r  .  ilia  ..n  1  s.,.  em.  ot  the  iu^'A-  orsopha^us  can 
iiidM    niMi.    ill, 111  ;itH)  -rains. 

W.ninili  i;..  n  as.>  thi-  artivitv  of  .ilia;  euhl  .l.rrr.,M->  it.     Druv^s 

.il-.i  iiilliKT.  !■  their  niiA'ineir 

Experiment  17.    Ciliary  Action.     Kemov.   the  Inuer  jaw  ot  a 

,,,.,  ,,„d  .!,,  thr  ,KS.,pha.^ns.  s,„va.i  ol-en  the  uc -^pha^us  NVith 
pin.  intern. in.-  tlu-  tinu-  .e.iuire.l  fur  a  hit  .,t  eork  placed 
o„  ,],.•  r...f  of  the  n.outh  tu  !,.■  niuved  nnv  centimeter  d.mn  the 
.Mill.t  Keep  the  murous  menihran.-  in..i>tene.l  with  >alt  sulu- 
t'jun  I'uur  isotonic  NaCl  s.>lution.  \sarnu-.l  t..  'Mf  (  .  hut  no 
„„„.■  uvrr  the  meml.iane,  drain  it  ..If.  then  .Utermme  the  rate 
.,,  n.uvnneiit  ..f  ,i  hit  of  cork.  .After  a  time  Mow  .ther  vapour 
os.r  the  nunihrane  an.l  .e-;ain  determine  the  rate  ot  chary 
.1.  lion. 


-4 

I 


i 


CHAPTI'R    I\'. 


PHYSIOLOGY  OF  NERVE. 


A    ]\v\\r   tiliif   i>  t  (iii-triK  till   tor   tln'  ((nuluctioii   nt    imi)iilsfs. 

I  111  M'  impulses  m.i\-  li,i\t-  tluir  orii;iii   thrdiinh  Noliini.iry  acts  or 

(lirohuli  fxtrni.il  stiiniili.     It  is  lari;ily  tliroiii;!)  the  oljic  i-  of  lurvi- 

tiliit-  ill, It   the  \.iriou>  |).irt>  of  conipK'x  orK.iiii>in>  .ire  (ornlatcd. 

Ni  r\i-  lihris  .lie  -iiiiiiar  to  the  wins  ot  a   tik^r.i|)li  svslriii  uliiili 

cnrrclatf  thi'  (iifftrtiit  i)arts  of  .i  coiintrx-.     (ill  llu'  wires  and  unity 

of  a(  tioii  i>  upset  for  a  tinii'.     ("lit  the  nerves  to  an  or^an  and  it 

!(ise>  its  coordination    with 

til.'  n  -t  of  the  iiody. 

Jii-t   as  in  wire  a  ner\i- 

tihre  (,111  ((induct    in    liotli 

directions.        1  iiis    cm    hi' 

shown  li\'  a  ^a!\  anoineier. 

Stimulation    of    a    tihre   in 

tlie    middle    ol    its    coiirsi- 

will  (  aiise  a  ditU'clion  ot  a 

gaKanonieter      placi'd     at 

either  v\n\.     Thi'  t(>lIowint; 

experiment   also  proxes  the   truth  of  the  st.itt.'ment. 

Experiment  18.  -  Kxpose  the  inner  -M-face  of  a  gracilis  muscle  in 
.1  trog.  It  can  he  seen  that  the  tu  .  portions  of  the  muscle  are 
fed  by  hr.uichis  ot  the  same  nerve.  Separate  the  two  parts  of 
the  muscle  without  injury  to  the  nerves.  It  is  possible  to  do 
this  so  that  the  nerve  is  the  only  connection  between  the  two 
parts  ( Fiij.    1.3). 

Stimulation  of  either  branch  of  the  ner\'e  even  applied  at 

the  liner  branches  will  cause  contr.iction  of  both  muscle  masses. 

(oiuhiction    must    travel    in   one   direction    in    the   stimulated 

branch  and  in  the  opposite  diri'ction  in  the  other.     Now  if  the 

I        op{xisite  l)ranch  r  stinvilated.  both  muscle  masses  contract  as 

[         before.      In    this   case   the    imj)iilse   nnist    pass   in   a   direction 

4,j 


l-"|i;,  l.'t.  I)is»,-.  tniii  111  thr  fr  ii;'~  Rf.u  ilis  rmisi  Ic 
til  ili'inun-tr.iti^  tli.it  :i  iH-rvr  .  nTnliirt-  in  botli  ilircc- 
tinli'.  St imul.it  ion  at  '  li  I  \\  ill  I  .  ll>»'  t  iintr.u  liini  "t 
biith  iii )  aiul    ft)  or  II'  f*  'ena. 
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|,M.,   KlMl   MM      I'11N~1"1...,N 


il,,,t  111  III.    ti!>t  Miinul.iiinn. 


,,pl>n~ltr    III    III'''    'I 

,,^  HI  ,iilur.iin.ti..ii  HI  a  luisr. 


Tlunton-  an  nnitulM- 


^"'  .  1        n^iiiUv  tra'vl.     'n.usf\vl>HJi  rany 

„,„„,1  ih.  1.1.1111  .iii'l '"I'l  ■'"     -i"'"'"  ,   „  ,.,|Vrriil.    TIk- 


'-"■ «'- :!:r;:;'':;.ri;;;,ri.-ivas,,,,)>...i..r 


stiniiilattd  at    its  ihtm 


rr.::;.,;:.: ; ■-^;;-';;;;;;;— ;n;:,r;::::: 


summation  of  Inadequate  Stimuli. 

\n   i.nuul--r  pa-iMU  alon,  a  -utv.  pnuhu-.s  a  change  in  the 

H.  nul-or.an  int..  action  if  applied  scve-ral  t.nu-s  ,n  close  succession. 
E^^rim^t  19.  -Choose  a  stinnihis  which  is  3...  '^^^^^    ^-; 
hold  of  that  ncccs.sary  to  cause  contraction  o   a  musck  through 
its  nerve.     N<nv  apply  this  stimulus  in  rapul  succession. 

Velocity  of  the  Nervous  Impulse. 


TlH.  time  re.,uire.l  for  the  passage  ot  an  ""1^"-  ""-'^^  '  ]; 
„,„,k  can  IK.  determi-ud  l.y  means  of  a  sensitive  galvanometer 


I  nerve 
or 


.'Ti.:.- 


i 


\  I   K  \  I 
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*:    l'\  tin  1111  till  X I  (lf.s(  rilnd  in  tlu'  ixpi-iiiufiit  Im'ou  w  lnr»-  the  r<  >j)(iiibi' 
J---'-"A    (i|  .III  t  ikI  lire. Ill  is  used. 

1  Ii  liiilinlt/.  1)\  lilt, Ills  of  .1  ni\n^r.mi  of  tlu-  tluii.ir  imisi  lc  uhm 
siiiiiiil.ilid  tliro\ii;li  tlif  imdi.m  inr\c'  iit  tlu'  axilla  .iiul  lluii  ,'t 
tlu-  uri-t,  otiiiialid  ilial  tlu'  r.itt'  in  man  w.is  ;<(►-;<.")  iiutt  r--  |ht 
set  olid. 


-,_         .     '■"'     "■     Tr.uiiiij  to  sli.iw  riiti-<if  cnruluctioii  lit  tlie  nervoii-;  impul-c-     (; )  ('iiiitr.iLtiiin 
^     I.I  till-  »:.i-tn.,  ni;miiiv  wlirn  tin-  .-l.-,  tn.ili-^  an-  m-ar  tlie  niiisdi-;   (j)  .  mitr.ic  tiuti  ri-Miltinu 
g     Iniii' 'tiiiml.ilii.n  at  the  l.ir  [m-ilioii.     Stiimilatinii  at   V. 


f      PiiHT,   i)y  im-aiis   ot    tlu'   striti^-i.;alvaiionuttT.  lias   sliiditd    the 
Banif  lurvt'  and  found   tlif  rati'  to  hi-  as  r.'.uh  as   12.")  nu-tiTs  per 

:*IP«.'cond. 

Non-nu'dullatfd  tiliri-s  st-fm  to  conduct  inorc  >lo\vl>,  ih.-  rate 
tuiiii;  as  low  a-  S  meters  per  sfcond 
Hxperiment  20.     Although  the  rate  of  transmission  of  the  nerve 


impulse  is  rapid,  it  can  Ije  determined  hy  a  hi^h  >i)eed  ky 


mo- 


4H 


I  All   M\II   N  I   \l      I'm  -|i  'I  Ml  .\ 


^i.ipli  I'tt  p.in-  .1  t;.i-i  I'll  III  mill-  inii-i  lr  with  tin  inrxt-  ,is 
Imic  .i"  |"'^-ilil>  '  l,iiii|>  llii  It  inni  in  lln  iinn-l  i  li.iiulni ,  llitii 
;,i\  ilii  iiii\i  .Hill---  I  w  II  M't-  III  (iiik  liilil  tin  I  ri  ii|(  >  (  )iic 
p.iii  -limilil  1m  I  |i  -1  III  ilir  iiiii-i  If  .iml  llif  iillift  .1-.  I.ir  lu.iy  as 
|iii--ilp|(,  \\i'ii|  -1 11  ii  lull's  'li''  iHr\f.  I  ln'  tlt<  lrnm.iK'i*'i«' 
sii;ii.il  i>  |il,iiril  111  iiiH  Willi  lilt  jHiiiil  111  till-  must  if  IfNtr. 
'11  If  >iuii.il  .mil  lx\  iiiiii;r.i|ili  iif  1 1  111  lift  It  1 1  111  till-  i)rim,ir\-  i  irciiit. 
Ailjii-I   lilt    iiiii-i  if  iivir  -II  lli.il  iiiii\-  lilt    l)fi;iniiiii^  nl   liic  cd..- 

II.H   I  |i  ill     I-    fft  I  illit  (I. 

I  -iii;^  I  iif  li,i-f  lint  f,H  li  I  iiiH  ,  nil  in  1  liif  iiitf  i  \  .ti  1 1|  I  lie  l.itf  lit 
ptriiiil.  Iii-l  liii"  ilif  l.ir  |)ii-iliiiii  111  liif  fit!  tinilfs  ,iiiii  llifii  for 
till  III. 11  |iii-iliiiii  I  iiis  I  ,111  iif  (Imif  ii\  (  ii.iii^iii^;  liif  uircs  of 
lilt  -fiiiMti.iiA  iivir  111  tlif  fill  Irmif  iif>irf(l  in  f.ii  li  i  .i-f .  I'.sti- 
111. Ill  liif  i|in.iliiiii  iif  liif  ialfiit  pcrioil  l)y  tiu.iiis  ni  a  tuning 
link  li.H  iiiv;    I  I-  iu.    lit. 

Till  tinif  ifiiuiifd  tor  tlif  i)a->,i^f  nt  liif  inipiilsf  alon^  x\w 
iifiAf  i>  llif  (iitfiri  iii'f  111  lull  n  ihf  iatfiit  pfrioils  riMiltin^  from 
thf  far  ami  mar  -liimil.iliiui-.  I  iu'  Ifni;th  ot  iicrw  tni\irsi-(l 
iii.i\  Iif  takfii  a-  tlif  ili-taiiri  luluiiii  liif  iiianr  i)iiiiils  nl  tlif 
two  I  It  Tl n llif s. 

I>flfiniiiif  llif  \fliirily  ot  liii'  nirxf  iiiipiiisf  in  nutfrs  per 
sirtiml.  Makf  Imir  or  iiioif  >fts  ot  rfionl>.  TaiiiiKitf  the 
if-uil-. 


FACTORS  INFLUENCING  NERVE  FUNCTION. 

Mechanical,  ll  .i  mrM-  i>  smtrluil  or  loniprts.scd  its  power 
to  fiiiiilmi  iii.iN  lif  Ii'-t.  W  lifii  tlif  (■oni])rfs>ion  is  tu-ithiT  too 
scMri-  imr  ton  iiniliiiii;iil  riimlmti\  ity  in.iy  Iil-  rc-fst.ililishid. 
Conipri— ion  osir  .i  lini.ui  .in  .i  rf(|iiirfs  nuuh  ^;rcati'r  forci'  to 
par.il\/f  til. Ill  whin  nxir  ,i  n.irrnw  riiL^ioii.  Tlif  fust  I'iii'it  of  com- 
prosion,  lni|iifnli\,  i>  In  iiirrf.i-f  tiif  fxrit.iiiiiity.  Tliis  stast', 
howiAir,  isquiikly  pa-sfd. 

Thermal.-  iU^iimini;  with  OM".  tin-  rate  of  conduction  in- 
criMM-  .i>  the  tfnipir.itun-  is  raisfd.  Below  if  C.  conduction  is 
suspinilt  d.  .\t  the  liiiiluT  limit  of  conduction,  about  47°  (".  in 
thf  m.iiuiii.il.  duf  to  coai:ulation  of  the  proteins  the  nerve  may 
beciinif  jiei  111. llif nlly  p.ir.il\/fd. 


\l  u\ 


V.) 


Chemical.      M.inx    ilmi;-'  luwrr  (If  -I  I -1 11  111  I  1  1. 1  111  ih  I IV  II  \    w  li«  II 

.i|i|i|lii|    liii.ills  IjIiii.    (  llliitul''."  111.    (Illiil.il.    I  "I  ,11111  .    |ilii||ii|         .i| 

.ilii.lml  li.ivc  ilii-  piiwii,  (  I  iiiiliii  I  :i  ill  will  iiiiiiii  III  imit  il  till- 
i|mi;j  i|i  .1  -  IH  ii  .11  I  ii  H  1  li  iii^  I  .11  k  I  il  M\\  uii:  w  ill  lU'  I  ill  ^1 1|  |\  1  1  iii- 
diii  1 1\  It  \    111  I  mil 

•Experiment  21.     The  Action  of  Carbon  Dioxide,  Ether,  and 
Chloroform  upon  Nerve.      \  ^.i-nm  m  nun-  inn-i  It    unh  ii> 

111   I  \  I     .ll  I.H   lllll    1-    l.l-IllH  l|    III    .(    It   \  (I     ~l  1    I  1 1,1  t     It-    I  1  111  I  I  ,11    I  U  111    (  ,111 

l.t  itiMiiliil  rill  iiir\f  I-  ii,i--.iil  iliiiiiiuli  ilir  I  w  1 1  ii|nninv;^ 
III  iIh  liiiiii.ni  lit  llu-  ui^  iliiHiliti.  I'Ik -f  Imli-  111  111. nit  ,iir- 
lii;lii   Willi  .1   |i.i-lt    in.ulf  111    k.H'lin  .im!   i-nlunii     \,i<   I   -ulnllini. 

(  Illr  p.lll   lit  till  111  nil-  i-  >(l   -I)  ill,  it    lllr  nil  \  t    W  mIiiII    till    1  ll.inil  HT 

I  .111  In-  -I  ill  111  1.  lit  il,  ,11  Kit  Iht  It  Pill  111-  llif  iifi  \  1  ,1 1  1  In  t  ml  1,11  lilt -t 
liiiin  till'  mii-i  ll-  Miniiii.il  I'li.ik  -lii'ik--  .in-  ti'  I'f  ii-iil  lor 
-I iiiiiiLiliiiii.  (',;iliiiii  iliiiMili  i-  |i.i--iil  tliiiiiiuli  lilt  1  li.itnliir, 
-tiiniili  Ik  iiii;  ,i|i|iliti|  tiiiiii  iiiiu-  111  tmif  .it  lii'ili  titi  iiiiilt--  ill 
■  mill    III  i|i-iii\ir  (  li.r.r^i-  in    tin    n-|)iiii-i. 

\\.i-li  iMiI  lilt'  i.irliiiii  iliii\iilc  li\  |i.i--iii'^  .lit  iliimiuli  the 
1  li.iniliti .  \\  lifii  ilif  lurxf  i>  ,iL;.iiii  iniiiii.il  Mnw  iiIht  \.i|Miiir 
lliinnuli    until    il    .liltrl-    llit-    iifrxc.    m    il    iirif--,n\     ]),init    lln' 

IliINc    willl    itlltr.        I  )u    iml     pliiliill;;    ,111,11  -I  In  -1,1     Inn    IiHI'l;    <'V    il 

will    In    ililtniilt    liif    tlif    in  r\  f    111    I'tTi  i\  tr.       In    .i    liki-    tii.iiiiifr 
;  -tinh    tlu-  iiilliuiH'f  1)1  t  lilnriiliiiin. 

Electrical.      Wlu-n  ,i  ilini  t   iiiritnt    i-  |i.i>>til    lliriiiii;li  .i  inr\i' 

,    till    I  \i  it,iliilily  ,11(11111(1  tlif  k.illiiiiK'  i-  inirr, 1-1(1.  while  .innind  tin- 

.    .iiKiili.    It    i-  (li-(  ri',iM(l.       rile  ch.iiim'd   ('(iinlii  il  Ml    pimlin  til   li\    llu' 

tlint  t    1  iirrint    i-   cilliil   ilct  I  mti  mil-      k,iU-lf(  In  >!i  uiii-    in    lln-    tir-t 

■  ciM'  ,111(1  .unlet  Initnini-  in  lln-  -eciiinl  ci-e.     Miilw.i\    In  twttii   lln- 

twii  elei  tliiile-   lliere   i-  ,(    pnint    where    the  e\(  i  I  .il  lil  i  t  \    nt    the   ller\  e 

h.l--    imt    lieell    (h.ill'ceil.        I'lli-    illi  I  illereii  I     jiipiiil    ii|ii\e-    tnW.lfd    the 

k.ilhnde  .1-   the  (inreiit    i-  iinn,i-(i|  .md    in    the  i>iipi'-ite  dirtttinii 

.1-   tlu    (iniciii    i-  (le(ie,i-e(l.      Tin-  ( ,111    lie  -huwii    li\    -tiiiuil.iliiit; 

the  ner\e  ,iliini;  it-  (inir-e  diiriiiL;  ihe  p,i— iiit;  nt   the  direi  t  (■iirieiit. 

'   Experiment    22.     Electrotonus    in    Nerve.     Wlun    ,i    din<t 

1  iirretit  i-  to  lie  p,i>M(I  thmu'ch  a  ti--iK'  Inr  .iiu  IcH'l;!])  of  time 
iion-pol.iri/.ilile  electrode-  nni-t  he  ii-ed  ,i-  ih;  ordin.irx  elec- 
trodt-  ,ire  e.i-il\-   pol.iri/ed,    lliii>  .ilteriiii;   the   eltn  ieiu  \    of   llie 


i  >  I'l  i<i\ii  \  1  \i    I  in  --lo:  ()»,v. 

r(((i)t,i(K>  which  arc  partly  lill.-l  witli  a  10','  ZiiSO,  solution. 
A  \)'\vvv  ot  pure  zinc  alt.  hi'd  to  tlif  soiircf  ol  ciirrciit  is  inserted 
into  ia(  h    hoot.      Tlu'   lioot    is   kipt    moist    on    the   outside   by 


*  i 


Is 


ir.  - 


i;  :: 


isotonic  NaCl  solution,  tlie  i)or(ai>  material  acting  as  a  barrier 
to  the  i)a»a^e  ol   zinc  sulphate  durini;  the   time  usually  con- 

MI11K<1    III    .III    IXptl  IIIH  il  i . 
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'Ilu-  IxKils  must  lie  kept  ckaii.  I'",.i(  h  tinu-  afttr  ii^-iiiii  tliey 
>h(iii!(l  \)v  tli(ir(>iii;lily  wa^hi'd  with  water  and  thi'ii  soaked  in 
isotonic  N'aCl  solution.  When  in  use  the  ZnS( ),  nuist  not  he 
allowid  to  sj^ill  o\  er  as  it  is  injurious  to  the  ner\e. 

The  lioot>  are  held  in  position  by  the  clips  on  the  horizontal 
rod  of  the  moist  chamber  base  ( li^s.  L')  and  10). 


Fui.  Hi  Top  view  of  moist  chamber  in  the  precoding  figure,  ehowitiK  the 
arr.ini;iiiient  of  the  electrodes  (c)  from  the  secondary  coil  in  relation  to  the  b<x)t 
eI(N:tr.dis.  Nerve  (h)  is  shown  across  the  two  sets  of  electrodes.  (6)  connects  with 
8ec<jndary.     (a)  connects  with  direct  current  supply. 


A  gastrocnemius  mus(  le,  with  a  long  fresh  nerve  attached,  is 
arranged  in  a  moist  chamber  with  the  nerve  lying  on  a  pair  of 
eU'ctrodes  in  cork  near  tlie  muscle  >nd  a  pair  of  boot  ck'ctroiles 
f.irther  out.  Adjust  the  induction  coil  so  that  a  break  shock 
just  causes  contraction  of  the  muscle  through  the  electrodes 
in   cork.      RiCoid    the  lui^ilit   oi"   this  contraction   either  on   a 
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slinv  <ir  >t,iiinnar\  dnmi.  Nfxt  rov  cct  llu'  l)oot  i-lfctriidcs 
to  llic  ciini  nt  Irom  tlu'  rlu(i>t.il  >(>  tliat  tlu'  k.ithode  is  lu-arcr 
tin  mu-(  If.  Tix  two  noHs  at  tir^t.  I  )ttfriiiiiU'  which  Itoot  is 
k.illindc  and  wliich  is  aiiodi'  li\-  diijpiiij,'  the  two  wires  into 
.\a(  1  Miliilioii :  Iml'hlcs  of  h\(iro^i.ii  will  isMic  from  the  kathode. 
While  llu-  (dn.-laiii  (  iirreiil  is  ilowiiiy  throii^di  the  iu'r\e  by 
wa\  <if  tlif  hoot  tirt  irodo,  stiimilate  the  iierxe  with  the  same 
lirrak  liKhiied  -hock  a>  liefori'.  Then  ch.ni^e  the  wires  to  the 
IjooI-  >o  thai  llu'  anode  i>  lUMrtr  the  innscle,  and  stimulate  with 
the  ■'anie  lire.ik  iiidiiclion  >iio(k. 

In(r(a>e  tiie  direct  current  and  ti'st  the  condition  at  the 
kallioile  ,ind  .u'.ocle  as  liefore.  A  certain  strenj.;th  of  current  is 
ne(  e»ary  to  produce  marked  changes  in  the  region  of  the 
kathode  and  .mode.  It  is  possible  to  conii)letely  block  the 
l)a->ai;e  of  in■|pul^es  by  means  of  a  direct  current  in  the  anocial 
rei^ion.      rile  rt\er>e  effect   is  obt. lined  in  the  kathodal  region. 

rhe>e  electrotonic  ch,mi;es  in  the  ner\t'  only  last  for  a  short 
liint  ,dt(  r  whi(  h  the  ri\  erse  itfi'ct  may  occur.  By  reversal  it  is 
mi  ant  that,  cil;.,  aroimd  the  kathode  the  sta^e  of  increasi-d 
e\(  ilabilii\  tinalK'  tii\cs  way  to  a  condition  of  lowi'red  excita- 
bilil\.       riii>    re\er>al   dexelopis   mori'   (luickly   with    a   strong 


current. 


DIRECT  CURRENT  STIMULATION. 


.\  dirc(  t  cm  rent  will  produce  stimulation  ol  a  ni'r\  (.•  or  muscle 
w  ht  n  ilure  i>  ,i  quic  k  (  h.mi;e  in  intensitx'.  This  occurs  at  the  make 
or  bnak,  bnl   not   dnrini;  the  p.i>s.i^t-  ol   tlu-  current. 

Il  (an  be  -liown  that  tlii'  stinmliis  caused  b\  m.ikin^  .i  direct 
current  arix  >  at  the  k.iihode,  whili'  that  caust'd  at  the  bri'ak 
.iri>e>  at  the  aiicde.  If  the  kathode  ,md  .mode  are  pi. iced  t.ir  apart 
on  a  moinr  nii\c  ihr  latent  period  for  contraction  ot  the  muscle 
i--  L;reater  ,it  make  when  llu'  k.ithode  is  in  the  f.ir  position,  than 
when  il  i--  in  the  nt  ar  ])osition.  I.ikewisi'  at  the  brtak  the  Latent 
period  is  iL^re.iter  when  the  .mode  i-~  in  thi-  far  position  than  when 
in  the  ni.ir  jxisilion.  Tlurrtort-  the  gaKani*-  m.ike  stimulus  is 
k.ithoil.il  ,ind  the  bri.ik  >timulu>  .mod.d. 

Electrotonus,  Kathodal  and  Anodal  Contractions  in  the 

Heart,      liec.mse  ot  the  ricuLirK   occurrm^  contr.ictions  the  heart 


i 


Ni  KVi:. 


53 


i>  ,m   .uli'iir.ililf   niiixK'   fur  thv   -tiidy  of  fli'Ctrotoiiic  cliaiiiifs  as 

well  ,1-  llif  ( rtt(  t  i)t  k.itlidd.it  and  aiKid.d  ^ti^nllati()n. 

*Experiment  22a.      1  )tr-tr()y  tlu'  l)raiii  uf  ,i  trot;  and  I'xposi-  tlic  licart 

with  <i>  little  hiinorrlia^f  a>  iio»ililc.     'I'wo  Iwiot  fU'(tro(K>  art- 

prtp.iici!  li\    att.Khinu  a   tiiu    strij)  ol   lotlon  wool   to  racli  at 

ihc    toe.       I  lie   cotton    is   so.ikid   with    i>oloiiic    Na(  1    >ohitioii 

,iiid   ^tr\c^  ,i>  a   ((Hit.K't.       'liif  k.itiiodf  i>  made   to   toiicli    tiu' 

ti-oi;'~  mouth  whili-  thr  .iiiodc  toiHh(>  thr  \ fiitrich-.     Now  il  tlii' 

Mitrciit    i-  (  li  ~t  d  during;  (o:itra(tioii  oi    the  Miitriclf,  it   will  \>v 

~i(ii   that  at   liif  nil  iiuiil  ol  ( lo>inii  ihf  latttr  t.iiU  to  contract 

in  the  n  i;ion  ol   the  .mode.      Thi-  i-  due  to  the  .inrit'ctrotoniis 

-it   np  aioiind  the  .mode.     (  )t  coin>f  only  a  liiniti'd  arci  will  \>v 

.itliiicd,  ^o  that   \  t  r\'  close  ol)scr\,(t  ion  will  he  m-cessary.* 

Now    il    the  current   is  hroken  duiiniL;  diastole  the  \entriik' 

will    (ontrait     ^liv;hll\     in    the    neii;hltourhood    ol     tin-    aixxU'. 

Ihi-  i-  the  auodal  opeuint;  coutrai  tion. 

I  he  (ciudition   produced    in    nui^c  le   1 1\    the   k.tthode  can   lie 

-ludied  li\  (  h.muini;  the  electrode^  -i  >  th.it  the  kathodi-  touches 

the  veiitriile  .Hid   tln'  .mode  the  mouth.     At    the  clo>in!Li  ot   the 

(  ir<  uit    the  \  I  utricle  coulr.ict-  in  the  re;^ion  ot   tlu'  k.itliode.  it 

il    i-   in   dia-tole.      'Ihi--  i-^  c.dle(|    the   k.ithod.il   clo--iuii  idutr.ic- 

tion.      It   the  current   i>  p.i>^m);  duriuj^  >y>tole  then'  ma\    he  .i 

-m.ill    are, I    ot    heii;hteuii|    cc jutr.ict ion    around    the    kathode. 

rhi>  i~  '\ur  to  the  k.ltelc  c  trotolHIs. 

1  he   re>piin-c-  ,it    m.ike  ,md   bre.ik  depend>   ui)ou    the  >treuL;tli 

ot  current   ,md   u|iou   whether  the  kathode  or  the  .inocle  i>  ne\t   to 

the  muscle. 

With  tlu'  K  \  1  iioiu    \i  \i<  1  111:  \ii  >c  I  I    .1  coutr.iction  is  ohiaimd 

,it    the    m.ike   whether    the-   c  urreni    he    wc.ik.    n.    hum    or   stroiiiL;. 

But   with    llii>  iio-itimi  ot    the  kathode,  coutr.iction   i>  oht. lined  .it 

the  hrctk  when  onl\  .i  medium  c  urreiit  i-  u^ed.    The  lire.ik  stimulus 

.ilw.iN-  lieiiiL;  le^-  ett\cti\c-  tli.m   thc'  111. ike,  it-  etfec  t .  when  a  very 

wcik  current   i-  used,  will  he  hilov.    tlu-  thre-hold  of  >tiintil.ition. 

(  )n  the  other  h.tnd  when  \ir\-  stroiii;  curriiit-  are  u-ec|,  the  hre.ik 

J,-     -timiihi-  heini;  aiiod.il,  i>  hlockecl  in  the  ner\f  1>\   the  de\ilopment 

II...  .      « 
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W'lu  II  llif  ANoiM  I-  \i.\K  nil  Ml  ■-•  m;,  a  wiak  ciirri-iit  causes  a 
C(iiitr>i(  linn  ,it  the  inaki',  luit  lias  no  fttVtt  at  hri'ak.  not  having 
natlud  tlif  lluoliold.  Willi  nu<liiiiii  (.iirrciits  l)()th  iiiakt'  and 
liit.ik  arc  (rt\(  li\f.  In  tlu'  iasi>  of  >tronK  currriits,  thi'  l)ri.ak  is 
(•tl(ili\r  liKaiiM'  it  o((urs  <il  tlif  .mo(k',  \vlii(  li  is  near  tlu-  muscle 
with  noliiiiii,'  to  hiock  it.  Thf  make'  occurriiit;  .it  the  kathode 
ll.l^  to  tr,i\(rsr  the  whole  rei;ion  of  tlu'  anode  at  the  time  when 
the  anoile  produci's  its  i;nMtest  Mock  to  rondiiction,  i.e.,  iminedi- 
atiK'  .ifirr  ni.ikinu  the  curnnt. 

\\i'  do  not  know  the  n.itiire  of  the  iuT\  e  impulse-,  hut  whatever 
it  i>,  an  eiittrical  change  .il\va\s  a( conip.inies  it.  This  cm  be 
shown  liv  connectinir  a  sen!-iti\e  galN  .monieter  to  the  nerve.  I-or 
till'  >aiiu-  naj-ons  as  in  the  muscle,  the  i;,dvaiionieter  will  show  a 
Dll'll  \si(  \.\RiATlON,  that  i>  a  deflection,  first  in  one  direction  and 
tluii  in  the  opposite  direction. 

METABOLISM  IN  NERVE. 

TIk'  metal lolism  in  ner\e  is  so  sli.nht  that  it  is  \try  difticult  to 
olit.iin  indications  th.it  such  chaniLics  are  gointj  on. 

So  f.ir  it  has  ln-en  impossihle  to  demonstrate  the  jiroduction 
of  luMt  in  ner\f.     Hill  has  used  a  thermo-electric  couple  sensitive 

to  .  "(".  without  .1  positi\c-  result. 

It  i.-  possilik'  to  >li()\v  th.it  lixiniL;  ner\e  jiroduces  ("()■_..  Tashiro 
h.is  found  th.it  the  (|u.mtit\-  of  COj  can  he  more  than  douliled  in 
acti\e  nerw.  This  alone  in<lic,itis  nu-taholic  changes.  The 
nccessit\"  of  oxygi-n  is  .i  further  proof  of  metaholism. 

Ho\vi\rr  iKr\c  must  usi  .in  intinitesim.d  .imount  of  «.iu'ri;y  in 
it>  Work,  not  onl\  in  \  iiw  of  t!ie  aho\e  '-onsideratioiis,  hut  liecause 
it   is  M-ry  dittitult   to  l.itiiine. 

A   iKr\e  h.is  hern   stinuil.ited  continuously  for  ten   hours  and 

still   tr.uiMiiitted  impulses,  .i>  could  he  shown  hy  a  galvanometer 

or  h\  prexentiii-  the  f.itiuue  of  the  musck'  which  is  doni-  h\-  hlocking 

the  loutr.Hiion  with  e\nMn  .  (old  or  .i  n.ircoiic.       Tlu'ii  at  the  end 

of  the  lime,  the  hlnck  heinu  renio\((!.  the  muscle  contracted. 

Experiment   23.     The    Resistance    of    Nerve   to   Fatigue.— 

Arr.inge  two  ner\  e  imi>ele  preii.ir.itions  so  that  they  support 

Ie\er>  in   >nrli   .i   ixisitioii   th.it    tlu\    cm   write  one  ahove   the 

other  upon  the  >,inie  drum.     Both  iu'r\es  .ire  to  lie  side  hy  side 
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on  tlu'  sanu-  pair  of  t'ltTtnxk's.  Al)()li>li  tlic  coiKliictisity  of 
(iiif  inr\i-  liy  kci'pinsi  it  m(ii>(eni'(i  witli  I'tlicr.  Ktrp  tlu'  lUTve 
iii(ii>t  li\-  im[)r<)\  isiiii;  a  moist  chainlHT  from  iWUr  papiT. 
Siimiilati'  tiir  lUTxts  li\-  iiuans  of  a  titaiiiziiii:  nirrriit  ami 
olitaiii  a  rt<i>r(l  of  tiic  contraction  upon  a  slowly  mox'in^  drum. 
If  ^iiftic  icnt  cthir  is  used  the  nuisck-  on  that  side  >hould  not 
contract.  .\>  soon  as  this  stajje  is  rcichtd,  tctani/.c  both 
ncr\is  until  the  acti\t'  imisclc  is  exhausted.  When  this  stage 
is  reached,  wash  aw.i\  the  ether,  with  isotonic  N'aCl  solution, 
coritinuinu  thi'  stimulation.  The  muscle  upon  the  treated  side 
>hoiil(l  soon  het^in  to  contract. 

It  can  he  shown  further  that  the  fatigued  muscle  will 
re-pond  h^'  direct  stimulation.  Therefore  if  nerve  fibres  are 
>till  c.irryin^r  jnipulses  .  •<  is  shown  by  response  of  the  otliiT 
nuiscle,  the  seat  of  fatiii^ue  must  be  between  nerve  fibre  and 
muscle  fibre,  or  at  the  end  i)Iate.  The  end  plate  .iccordin^  to  this 
be((inus  f.itii;ui(l  much  earlier  than  the  nuiscle  fibre  and  thus 
saxes  the  tibri'  from  e\ct>si\'e  fatit;ui'. 
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THE  ALL-OR-NONE  PRINCIPLE  IN  NERVE  AND  MUSCLE. 

Stimulation  of  a  nuiscle  either  directly  or  throujjh  its  nerve  pro- 
duce- a  stepdike  increase  in  response,  when  successi\ely  increasing 
stinuili  are  ustd.  When  once  a  sti'p  has  lu'en  established  further 
incriase  ot  the  stinuilus  causes  no  incri'asi-  of  contraction  until  a 
new  -tcp  is  reached.  Tlu'  maximum  contr.u'tion  of  the  whole 
mus(  le  is  fre(|uently  reached  in  a  fi'W  definite  steps.  The  number 
fit  -ttp>  is  never  greater  than  the  luimber  of  motor  ner\»'  fibres  sup- 
plying the  muscle;  the  most  pl.iusible  explanation  is  that  each 
uer\e-fibre  when  excited  causes  the  contraction  of  all  thi'  muscle 
fibres  which  it  inner\ates.  .\  nerve  fibre  sujiplies  a  large  number 
of  nuiscle  fibres.  ].")()  to  200  in  the  (  iT.wi.fS  doksi  of  tin-  frog. 

I'roiu  a  study  of  the  ct  r.wit  s  doksi  of  the  frog  l.ucas  reached 
the  conclusion  that  as  a  rule  tiie  p  tssage  from  one  step  to  another 
takes  i)la(f  without  .iny  contractions  of  intiTmedi.ite  size.  The 
fibres  u^llalIy  contract  either  not  at  all  or  to  an  extent  which  is 
iuMii\    iiMxiMKii.      This  is  the  .di-or-none  nrincinle.     Ai 
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CARDIAC  MUSCLE 

(  ardi.K  muxli'  rcMinlilc-  \(iliint,ir\  mux  Ic  in  its  cro^  >tri.i- 
timi.  I  In-  in(ii\  idii.il  cill!-.  li(i\vi\tr.  .iic  iuiiud  tiui  In  tiul  irul 
iii.inv  (il  iluiii  initrcdmui  lt<l  li\  Imk-liki-  pr(iii(ti<m>.  .\iia>t()- 
inii-i>  i-  -()  ((iiii|)lilc  ill, It  llurc  is  ( (iiui.;iiit\  t!ir(iiii;li(mt  tlic  nnn- 
<.nilHim  111  ImiiIi  .iiiii(li>  .iml  \ cntriclcs.  \:\v\\  in  ni.inini.il>  tlirre 
i-~  cxiilciuc  III  .1  <(ini])l(tc  s\n(\liinn  in  l!u'  loiiu  nl  mux  li'-tihrils 
li,i-~inL;  liiiui  ((II  til  (cn.  Tlif  cnnnii  linn  li(t\\(in  the  .luriclt^  .md 
\tnlriil(s  (iin>i^l~  nl  a  n.iirnw  lunullc  ol  sonuw  li.it  moditu'd 
mii~i  ul.ir   li--uc. 

I  .iidi.H  nui^i  Ic  ((iiUiMils  mu(  Il  mure  r.ipidly  than  smooth 
iiiu-rlc.  Iiui  uii'if  -lii\\l\    tli.m  \ohmtary  muscIc 

i  lie  111, lit  i-'  nut  onh  iii\  olunt.iry  in  action,  hut  undtriLiOfS 
rli\  ihiiiic  ( iintr.ution  tlir(iut;hout  lilc.  This  rli\tlimicit\  i>  x) 
well  (^i.ilili-lud  ilial  il  i--  im])! is>il ilc  to  tct.ini/c  a  licirt  l)\  ,irliluial 
>lininl,iliiiii.  lien  in  lii-  the  most  csxMiti.iI  diricrfncc  lutwi'fii 
cirdi.u  .iiid  -kilci.ij  mux  lis.  Il  a  stimulus  is  xnt  into  tin-  iicirt 
duriii,;  ~\-tol(  llurc  i>  nu  loult,  hut  w  lun  slimul.itcd  during 
di,i-loli  .111  c\ir,i  (ontr,i(tion  fo|lo\\>.  'l"h(.-  whole  piriod  ot  ssstole 
i>  rcli.H  lory  to  >tiniul,ii ion.  In  cisc  an  cxtr.i  coiitr.iction  is  iii- 
duidl  duiiiiiL;  di.istolc,  the  rcl,i\,ition  which  lollows  is  ])roloni;cd 
to  (  Minpcii>,itc  lor  ilic  i),mx'  which  w.is  mi»cd. 

AU-or-none  Principle.  The  ,ill-or-nonc  principle  .ipplies 
to  (.irili.K  iiiu-cle  ,1-  well  ,is  to  \olunt,ir\-  muxle,  in  tact  it  was 
fir-t  olixrved  in  ilic  lornur.  |)ue  perh,!])^  to  the  s\  nc\  tium-like 
Sinn  lure  111  the  lie.u  1  niuscie,  ,ill  ol  it--  filiro  ha\  c  tiie  same  thrishold 
ol  -limul.ition.  XI  il  one  conlr,icI>  ,ill  (oiitr.ict.  MoreoxcT  as  in 
Noliiiil.ir;.  inu-i  Ic,  tlio-e  tiliro  which  ciintr,ict.  do  so  to  their  full 
»\Uiil  il  .li  ,i'ii.  i  iiereloK  liie  w  hoic  iuMrt  coiitr.icts  to  tile  niaxi- 
muni  or  imi  .il  .dl. 

5ti 


m^i^m^a^Mi^mjdi-^^:^^m 


('\KI)I\(      Ml  X  l.lv 


•  )t 


Action  of   Cations   on  Cardiac   Muscle.     1  lu'  ions  fotmd 

ill  tin-  1»I(km1  |)la\  .1  \\T\  impMrt.mt  rule  in  ihf  nuinliiMnct'  nt  tin- 
iiuriii.il  luMrt  111. It.  KiiiioM'  uiu'  ol  iIum-  i->tnti,il  \i>\\>  .iiid  tin* 
lie, 111  tiii.ill\   >t<pi)>  iKMtini;. 

Thf  ^Diili  M  li»\-<  nut  (inly  \)\i\y  a  I.iri;*-  p.irt  in  tlic  in.iinti'ii.inci- 
(it  the  iKirm.il  (i>ni(iii(  i)n~>iin  im!  wIumi  puMiit  aldiic,  lliiA'  pio- 
(iiKc  rcl.is.ii imi  (il   till'  hcirt. 

l'(i|\-^n\i  i()N>  .ire  prcM'iit  in  iiiiH  li  ^iii.ilItT  (|u,iiitit\  lli.m 
siidinni  .ind  arc  iidt  xi  i  >-.inti.il.  Tlii-y  tcinl  td  pindiKH'  rcl.ixatidii 
and  wluii  in(rta>t(i  ali(i\c  iKiniial  the  heart  r.iti'  i>  ri'diicrd,  tlii'it 
linalK    tin-  luarl   stdp-  in  (Atritnc  dia^tdlc 

t  \l<iiM  IONS  arc  ali^dliil(l\'  c-^cnti.il.  I".\(t»  (it  calcmm 
pi'ddiK  (■->  (  alciimi  riii^dP,  that  i>  the  licirt  tin.ill\  >tdp-  in  >\>t(ilf. 
(allium  i-  ^uppcixd  td  iiiomdtf  ( <  mtractidn,  whik'  -ddiiiin  ami 
])dla---iiini  aid   in   rchixalinn. 

Temperature  Effects.  AhhdUKli  tlic  maminahan  heart  i-  X) 
prdti(  led  in  an  drt;.ini>ni  with  ,i  relali\  i'i\'  ((iii-taiit  temperatiiri', 
it  i>  inlhiemcd  liy  thermal  ehanices  it  Milijicted  In  them.  In  t.iit 
il  ai  l^  like  the  lieart  ol  a  tnit;  or  lurlle.  eMcj)!  tliat  il  doi's  iidt 
withal, ind  the  ell'ect-.  (il  a  hiwered  temper.it lire  liuiu.  The  rate 
im  rea-e>  with  increase  nt  tiiiiper.il lire  up  td  a  (ertain  jxiint. 
Hildu  17  (  .  the  m.immalian  heart  ddes  not  heat,  likewise  ,ilid\e 
\\  ('.  ((inlrai  lidii  xkui  ceases.  'Ilu-  luarl  dl  idhhhlooded  .inimals 
re>p(ind>  ,it  Idwcr  temixTaturcs. 


.-JH 


NERVOUS  CONTROL  OF  THE  HEART  BEAT. 

Inhibition,  it  can  he  -hdwn  li\  -linuilalidn  that  llie  \  .imi.s 
inhihit-  the  ,icli\it\  dl  the  he.irl.  Wiak  stimuli  ma\-  merely 
decrease  the  mauniludi  dl  the  lieal.  Mrdiiuer  stimuli  shiw  or  c\tii 
-tup  the  Cdiitractidii!-.  I'.\ei;  with  -timulatidii  inten-c  endiiiL;h  to 
sidp  the  heart,  alter  a  time  the  lie,ii~  lieicin  Id  break  lhr(Uiv;h  (ir 
e>c.ij)e.  In  tile  hdu.  lpe(.ui>e  the  \,il;u^  ,md  >ymi)atheli(  lihro  run 
td:^elhcr  in  the  same  trunk,  lidth  ,iri'  -limul.ilcd.  'I"he  >liimilus 
inu--i  Ire  chdM'ii  sd  th.it  ihe  \,ii;u-  i-  .inccied  nidrc-  th.in  the  .icccle- 


'I   « '1   (  i.-^( 


( lieli-    ^\  lii    he   II 1  iiel     I 


Id  (  n.ini^e  (ir  .in   mcre,i>e  in  rati' 


'I'l'.i^    i-    ddlH'    1 


y  Kf-idually  im  re,i-iii;^   tin-  >timiilat 


lull   until   \aua 


illecl-  pri-dominatc 


,'iS 


|-,.\|'l   KIMI.N  lAl.     I'll\>l()|,()(.^  . 


\,„,u,ill\  ill  llic  In  11^  llif  v.i^iir.  cMrrirs  wry  ffw  impulses  to 
tli(  iKMit.  tluivlnu  (  iittiiii;  ihf  va^i  h-i>  liltlc  iiilliifiut."  upon  the 
r.iti-.  lint  in  111, mull. il>  the  \  .i^i  coiitinii.ilK-  hold  tin-  luart  in 
(lu(k  -<)  lli.il  i  iiiiinv;  of  tliof  nci-Nt-'S  piiniits  an  inca'ase  in  rate. 

'I'lif  \aKii-  i^  r(llt\K-  called  into  aetion  1)\-  sensory  stimulation. 
A  Koo<l  I  xaniiilr  m!  tlii>  i>  olitaimd  \>y  shari)iy  striking;  tlu'  abdomen 
of  a  fro*  witli  ,1  l>liiiit  iii'-truinent.  I'retiueiitly  the  heart  may  be 
>topiie(l  or  >l(i\\e(|  in  tiiis  way. 

All  iiu  11  aM(l  blood  i)ressure  will  .ilso  retlexly  art  alon^  the  va^His 
to  >low  llie  heart.  'rhi>  is  <\w  to  the  stimulation  of  afferent  fibres 
eliding  ill  tlie  arc  h  of  tlu'  aorta.  Hit;h  i)r>  ^ures  may  also  directly 
stimulate  the  \  a!<M>  centre. 

'liie  \a)L;ii>  >eem>  to  e.vercise  a  beneticiai  intluence  on  the  lu'art, 
teiidiiiiL;  to  oi)|iose  acceliTatioii  and  o\erwork  ol  tlu'  hi.irt.  The 
\  ai;ii>  i>  iiio:-t  elft  (  ti\f  ill  animals  which  are  accustomed  to  strenuous 
nuis(  iilar  c\en  i-^e  and  theri'fore  ^ri.it  acti\it\-  ol   the  hi'art. 

Acceleration,  drtain  libre>,  which  are  called  accelerator 
filiro,  nj)iM)M-  the  action  of  the  \av;u>.  Tlu'y  are  found  in  the 
cer\ical  -Mni),it]utic  beluw  the  infi'rior  cer\  ical  ^.ini;lion.  Stimu- 
lation of  thoe  iibro  iiu  rea^-es  the  niti'  of  the  heart  and  sometimes 
tile  anii)lilnde  a>  well.  On  the  otlur  hand  cutting'  of  these  fibres 
p(riniK  tile  \,iKU^  to  h,i\e  full  >\\.i\  (in  the  mamm.ili  and  thus 
tlic  he, III  be,il  beconie>  >lower.  The  .icc'kT.itors  .ire  c.illed  into 
,ii  lidii  rellexK  ,  .ilihoiiuh  it  is  ditticult  to  s.iy  ju>l  what  stimuli  will 
.iffti  t   tlu'  .icci  l(r,itor>  .md  wh.it   will  c.iU  the  \.ii,M  into  .iction. 

The  ,irr,in;..;ciiunt  of  op])o>e(l  tiiiris,  i.e.,  accelerator  and  in- 
hiliilMi,  render-  i\UHk  .idiu-.n.ent  to  chaiiv;in^'  ririuirements 
e.i>irr. 

Experiment  24.  Frog's  Heart.  Pith  a  froi;.  di>tro\ini:  the 
iM.iin  .'iiK  .  l.\|>o>r  die  lif.irt  b\  slitlinii  the  upiHT  p.irt  of  the 
.iImImiiuii  Kn;^ilu\  i-e.  .\\oid  iniiir\-  to  the  anterior  abdominal 
\iiii  b\  ctittim;  ,1  little  to  one  -ide  of  tlu-  mid-line.  ( )bser\e 
tilt-  lie.iiiii::  <>\  \\u  he, ill.  e>i)eci,illy  the  r.ite.  Then  oi>cn  the 
pi  rirndiiiin  .ind  ii,i--  .1  ihre.id  under  the  traenum  and  tie. 
'!"!!'  !!.!( I'.uu!  i-  a  -liiiijir  bam!  of  ti-sui'  which  coniu'cts  the 
pi-ttii,ii  -tirf.ice  of  ilie  lie.iri  with  the  peric.irdium.  H.is  this 
(ipii.iiiun  inlhuiiccd  tlir  r,ite."  H\  nie.m-  of  the  thre.id  r.iise 
the  111, III  .md  iimi(r  ilir  l.irue  vein-,  ilu'  >iiui>,  the  white  cres- 
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(ciilic    line    at    tlu-    sino-aiiriciilar    jimctioii    .md    tlif    aiirirU'S. 
Wlial  i^  tlif  M(|Utii(i'  in  tin-  ln'at.'' 

I'ri])an'  lor  (li>M(ti()ii  of  tin-  va^us  l)\'  ^^l^(•t(■llill^  tin-  lu-ik 
li^^ut  >  n\rr  a  l.iri;*'  k'''"^  ■'(xl  iiiMTtfd  into  tlu-  o(.>o|)ha^;us. 
(  Ml  (Iciiiiit;  a\\.i\  tlu'  coiincctiN (■  tissiu'  iicir  tln'  aii^lf  of  the 
j.iw  tliri't-  niTMs  can  Ik-  fotnid  running  from  l)C'lo\v  tlu-  an^li' 
(liiiionallv  downward  ( I'i^-  •'>'•  I  fn-  iipiuT  oni-  nl"^><'-I'li'"'yii- 
^t.d,  soon  tnrns  and  p.i^sc-s  forward;  thf  lower  one  also  passes 
forward  in  a  >in\ilar  ni. inner.  I.yiii^  l)etween  tlies*-  ner\es 
lifforf  tluy  henil  upward  e.m  be  found  tlie  third  ner\e  or  va^o- 
>\  nii>athitic  Ivinv;  under  tlie  ed^e  of  a  tine  muscle  which  connects 
tin  an\;ie  of  the  j<iw  with  the  hyoid  hone.    Stimulate  the  \'aj;us 


Kn.     17       K'f''t    III'   v.i;n-   -tiiii  il.ui  m    upDii   ttii-   liiMit  ot    tin*  tiirtli'. 

.llllli'llltl'!'-  Idll'iwUli;  tllr  il'.llililtl'ill. 


Note  the  increased 


to  make  >iirf  that  tin-  !ur\c  i>  itt\cti\e  in  modifying  the  he.irt 
r.ite  '  l"i;^.  17:.  I  >e  tlie  tttani/iiii;  current,  iici;innin^^  with  a 
weak  current  ,1111!  i^radiialiy  iniTi',i>inii  if  there  is  no  etfec^t. 
Hc.ir  in  mind  tli.it  the  s\  nipatlulic  i>  Iptini;  stimulati-d  .it  the 
-anif  timi'  and  therefore  its  >tinuil,ition  m.iy  counter.ict  the 
elfii  Is  of  \ai;us  stimul.it ion.  That  is  the  ri-ason  that  it  is 
IK  I  e>-,ir\  to  tmd  a  current  wiiiih  will  affect  the  \at;us  more 
tlMii  the  -x  nipatlu'tic.  ( )litain  ,1  record  of  the  contractini;  he.irt 
I'etore  ,mil  .liter  \<iua!  >tiniiil,ition.  usini;  thi'  sus|)t'nsion  iiuthod 
.1-  -Iiown  in  l-ii;.  IS.  I  >e  the  m.iunetic  si^n.ii  to  m.irk  the 
time  ot  stimiikition.  jl  you  l.iil  t'>  oht.iin  effects  from  one 
\,icii>.  tr\    tlie  other. 


fmj-f\i.m^^^.r 


V."^   •^•tj 


m^JissMmi^i 


Cil) 


i  Ml  i<i\ii  \  I  \i    I  in  >iiii  ()(.s . 


N,\t  -imiul.iir  the  uliilc  cnMcntic  liiif  witli  tlu'  fUrtn.drs. 
IiiliiliiliMii  -ii.aild   1m-  (ilil.iimd. 

AppK  .1  tfw  <lr.>i.-  nl  1'  ,  iiimtiiH-  Miliitidii  to  tlu'  lu'.irt  .iml 
im.iin  trv  ihr  .Hr.  t^  ,>\  N.r^n-  .iiul  ( t.m viilii  Miimil.itioii  fn.iii 
til,,,.  I,,  liiiir,  n-Kirdiiit;  tlu  n-iilt-  ..ii  tlic  k\  in< -^rapli.  Nico- 
liiir  w  ill  |..ii.il\/c  ill"'  u.muli.i.      I-Apl.iiii. 


1-       -^  i-;..Mi-i..n  nii'th  ..1  Ini  li'Mlt  •    .nt  i.i.  In  m. 


Experiment  25.     Stannius  Ligature.     I-aix)-^  tlu-  lu-.irt  oi  a 

|i-ilu.l  lr..c  ill  llif  in.iiiinr  .iln.nU  ilf-crihvil.  I'.i-->  a  thn-ad 
lnhiiid  tin-  ,i(.iia.  lilt  up  iIh-  ,ipt-\  .md  tic  tin-  llirca<l  ><>  th.il 
tin-  kii.ii    III-  .Ml   till    cii-.n-nt.   tlui-  -tpar.itinu   tlu-  >iiui-  Iruin 


1  i  U    .  i  t  i  r  "u  *  i  V  - ,       I  i    I  "  - '  1 ' 

cciM-  i(.  lic.il:  if  iHii.  tic  ,1  -ccimd  tlirca<l  nc.ircr  the  auriclis. 
Tlii-  i~  iht  111  -t  Si  aim  ill-  liu.iliin-.  (  rriain  jd-'ipi-rtit  -  ot  f.irdi.ic 
iiiii-(  li-  can  In-  -indii-d  wiili  (|iiii-~(tnl  inu--ilr  which  cannot 
lie  -ludicd  ill  a  heart   liealiii',;  lu 'I  in.iUw 


111  I  II  I  III!     iBiii    I  III    F    ^-  ^.•Jk-'-Tiaw?  T I  y^m»\>/  '  »-'*«t?Ky:';t«ft»» 


m\:^.:^wss^PM^v>:^m^iSM^ :: 


iC"i^^W^w^ ' 


(     \Klil  \(       Ml   -(  II 
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Alt.n  li  the  Mii'i  i-  !'■  ti>  tin-  lu'.irt  lt\  ir  li\-  ,i  riiic  w  iir.  I".i^t«'ii 
,1  (li->ri  lilli;  lliidli  I  .1  (  l.imp  .111(1  .irr.l'"^r  it  --K  tll.ll  the  piiiiit 
iiiiiilu-  tlif  -ind-.iiirii  til.ir  iimctioii.  Tlie  m'cohiI.hn  <<>il  i> 
( .iiuir(  led  w  iih  I  hi-  net  I  lie  .md  w  itli  i1h'  -ii-|Hii-i(>n  u  in'.  Si  in  I  \ 
ilir  n  -lilt  111  -t'lniil.itiiiu  ili<-  hf.irt  (lin(  il\  uilli  iii(liiri<l  -IkkIo 
iHciiniiiic  wiili  till  \vf,ik(-t  i>ii>sililf  ,niil  iiuTf.i-iir^  In  tiic 
m.ixim.il  KcicmI  ■  ii  .i  -t.it 'i iimtx'  (iiiim,  iiiu\t(|  '_'  mm.  .ittcr 
^  (Mill  -I  iiinil.iiiiiii       (»'-(i\c  (.ircliilK    .md  note  rc-iilt>.      Allow 

j.'i  -t(  -     i( -t    li(  luccn   c.K  li   -timul.itioii.     ('(im|>,irc   with   \(iiir 
I  ij  i-ii  \  ,it  n  III- ( 111  -kcict.il  mii-(  Ic. 

•^l.iin  .i-c.  Arr,iiii;c  .i  drum  tn  mt.itc  -l<i\vl\-,  .md  rrcord 
the  ( iiiitr.K  tiiiii  iitndii(((l  li\  -timul.itinv;  cmt).'  ■">  m'cs.  I<c((>r(l 
m  liii-  w  .i\   .iliiiiit   Jd  ruiitr.K  til  111-.       l'.\|)l.iin  . 

\(  \t  d(  t(  rmiiK  uli(tliir  it  i-  i>(i— ililc  to  ti't.mi/r  (.irdi.ir 
niiiM  Ic  li\  -tiiiml.itiii^  uitli  the  tct.mi/iiivi  cmriiit.  l-.xplain 
Miiir  rc-iill-. 
Experiment  26.  Study  of  the  Turtle  Heart.  A  turtle  is 
killed  li\  -Irikiiii;  it  mi  the  head.  Tlic  ( .ir.ipacc  or  \eiitr.il 
iMirtioii  ol  tlic  -lull  i-  rciiiiixcd  liy  the  um-  ot  a  s.iw  .md  scalpel. 
(  )|)(  r.itc  -n  lli.it   licmi>rrli,ii;c  i-  rt'diiccd  to  .i  miuiimmi. 

Stiid\  llu  .iitioii  ot  the  lu-.irt  .md  .irti-rii-s.  l-.\.imiiic  the 
]u  ric.irdiiim.  then  rcmoxc  it.  \\  licrc  doc>  tlu'  coiitr.utioii  M'l'in 
to  origin, lie"  Wli.it  i).itli  doc-  it  follow  in  ji.is-iiii;  o\cr  llu- 
lic.irt  .^  I-  lli(  i(  .m\  dcl,i\  in  the  pa--.im'  lutwciii  .iiiriclc  .md 
\  (lit  ride ' 

\-\  l\  I  i,k\  \i,.  Ill  ord(  r  to  oli>cr\c  the  tinic  rcl.it ions  ln'twi'i-ii 
the  (  oiiir.irtiiiii-  i it  the  .iiiriclc  ,md  xcntriclc  arr.mi.;c  to  Like 
-inuiltaiu  I  111-  nriird-  ol  llu  two  (h.imlHr-  oiic  (liic(tl\'  .iltow 
the  oilier,  n-iim  heart  le\cr-.  \tt,i(h  the  Icmt-  to  the  tip  of 
c.K  h  chamlier  li\  iiic.m-  ol  liny  hooked  jiins  on  the  ends  of 
ihre.id-,  lull  I. ike  c.irc  not  to  imiu  lure  the  w.ill.  ]^y  u-in^'  a 
\(  i\  r.i|)id  drum  the  intcrx.il  lictwceii  the  contr.ictioii  of  auricle 
.md  xciilriclc  {au  lie  deterniincil  ■  j-'iv;.    I'.r. 

SiiMt  i.\ri()\  Ol    111!-,  \'\(,i  -.      I)i.--c(t  out  the  ri^ht  n.i^'us.     It 
(.111  lie  lii(.it((l  by  -tretchin^'  the  neck  .ind  finding  the  carotid 

.irterw      It   lio  clo-c  to  tin-  .irter\ .      r.is>  a   thre.id  under  the 

..  .1,  ..   :.    I..    i:i'.     1  ...i.  1    •         .1         1,1 

-f  •    :.^t:-   -' •    -.11. It    ;i    •..:i!    ot-   i:;icu    w  luii  .ippiyi!!^    liK'  liCrtriKlCS. 
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1  \\'  uww  N  I  \i    l'in-i"i  '"'S 


snicU    iht    «  lltt  I    "I    -iiiniil.iinii 


ill.-    \.iv;ii-<   l'\    ttl.mi/iiiR 


.  nil.  Ill-  ..I  .lilt.  I.  Ill  -IM  nv;tli-.  ^'  -  ""  r. .  nnl.  f.  <1.  n.<.Msir..to 
,1m  l.ii.iii  1..  iin.l  .ui.l  tl.f  <lur..ti..n  -i  tli.'  .itl.T-.  tli.  I .  N<-te 
,,,l,.r,ll,,i-Mi.li  ....li.mK<-iii  '•■'I'-.  •""'  •■-••M""""'-    '•■'^-  ' '  ^ 

iMIl   1   N.   I     Ol      ll  Ml'l   KAII   HI:.       (   nlll  ill  111  IIR  willl    llu'   s.mic   I)rt- 

,Mr..li.,M  ..lit.iiii  n  .<.i.l>  uiih  iIh-  lu.irt  ,.t  tlu-  f.,ll..NN  i.i^;  ttnii^ra- 
,,„,..:  1,  10,  •_'(>',  ,111.1  ::0  C.  'lli.M'  t.iniKr.iIuro  <  an  he 
ol.t.ii.ud  l.v  i..,iirinv;  RiiiK^r'>-  s..liiti.m  ..t  tlif  c.rn-ixm.ling 
I.iniKT.ii.M.  OS..  111.  h.arl,  ll..u  .1.k>  t.nii..r..tiirf  intlmnce 
tlif  r.it.'  .in.l  ,mi|.lilu.lf  n\  llir  Ik  at.'  What  in.,(lituali..n  takes 
pl.Kc  in  tlif  .\-\'  inti  r\al." 

i:xTK\  SvsToii.  R(iii..\i-  the  liiart  l.y  ciittiiiK  wi.Mv  around 
tlu'   Imm.      l>r.'|)   it    ill    Kiii^ir's   s  .lution.      Alur   >tii(lyiiiK   it 


).  I,.     i>i       ^niiiiU,ini-..u»   tt.i.  iiii;s    i,f  llic  rciitracti(in  of   tin-  a.iricle   (al   and 
vrniii.  ll-  'D  HI  th.-iiiilli-,      Tiiii.-nnftval.")sei.  n  c,mru>  tum-  ^ll>^^.■^  lli.in  norniiilj. 


tluTf  for  a  >li.)rl  timi-,  pin  tlu'  b.is*'  to  a  froji  hoard  and  attach 
tlu'  ajux  to  a  hrart  l.\ir.  l-"ri'(|ui'iitly  pour  Kin^;er's  solution 
..\ir  tiif  prii)araiion.  The  writiuvi-p.iint  of  .i  niagnt-tic  signal 
ill  th.'  primary  rirruit  is  ixaitly  .di^ni'd  witli  tin-  writing  point 
..t  till'  heart  U'\rr.  Thr  stc.)ii(iar\-  coil  is  connected  hy  tine 
wires  to  thi'  lia-e  ,iii(l  apix  of  tln'  heart.  A  record  of  the  normal 
he.ut    is   made    upon    a    fairl\    r.ii)id    ( lock-work   drum.      Then 

siiiv;!.'   break    slm.ks   aii-   sent    into   the   heart    durin^i   different 

ph.iMs  of  tlu'  (.iniiai-  (\ile  in   an  attempt   to  Si'cure  an  extra 

contra,  ti.'ii     I'  i^-  '-(>'. 

ihiiim^  wii.ii    [ili.i-'.    I  .ui  lUi  txir.i  Coiurai  iH'i!  oe  pioiiui-tu 

What  follows  an  extra  contracti.m  .•' 


j-> 


•-l)*-rfr^' 


(     \K|i|  \i       Ml   -I   I  1 


tV.i 


WImII     \iiI1    (Mlisidrt      til. It     lllr     llr.Ul     (ilpl.lill-     il-     I(-t     iilllv 

iMtutrii    Im.iI~.   uli.il   <l<i   \ini    think   (it    llii-  .irr.iii^iiiu  iii    ,is  a 
'-.ilrk;ii.irM  ,tL;.iiii^l   tiirriMt  liiiunt   ii|i<m  llic  rot   inricil'' 

N(\i,  (lit  llic  Miitriilc  ■!(  TOSS  iicir  its  jniH  tioii  uilli  the 
.iiiii(  l(  >  Ft  I  lie  \  (  iilri(  Ic  il(>(^  IK  it  >t(>|»  |i(  .iliii>;,  (  lit  xtill  (  ^■•'(■r 
until  ilic  l«-.il>  (li>.i|)|>c.ir.     Now   |>iii  llic  (  iit  surl.M  >   (it  tlic  .iim  \ 


lie.  .'11.     K.iM,  L.rs  iM-iK.J  .itid  ciim[)eiH.itury  priisc  in  the  lic.iit.     hlimulaliun  at  A'. 


tu  tile  Ix.anI  and  apply  tin-  win-  which  fi.riiUTly  conrifctid  the 
li.isf  of  the  heart.  Stiuly  the  effects  of  a  series  of  graded  single 
shocks.  How  d(X'S  this  a^ree  with  the  all-or-none  {)rinciple? 
Also  attempt  to  get  the  "st.iircase"  effect.  Try  the  effet  I  of 
two -u((Hssi\f  s-tininli   in  order  to  di^coNcr  whether  there  is  a 


r*-'! r.!Ctor\"  ^^crioil 


i; 
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Experiment  27.     Perfusion  of  the  Turtle  Heart 


Tin-  .liffrr- 


,.,„,.  ,,,   ,littrnin    i,.u,u,,ni.    .alt>  upon   tin-  art.v.ty  ..t    ranl.ac 
„ni~rl,-  ran  1k-1   !'•■  >H"\^  "  ''V  IHrlM-i.-M  .•xinTinuiit>. 

,„  ,„,i,,,-  ,1,,,,  ,lu-  rxiKrinunt  may  liavc  \hv  ^rratot  di.iiuv 
,,t   .n..v~^  vuu    inu-l    u.uln-Man.l   aiul   i.n'i.arc   the   nuTlianual 
„r  .n^rnunt-  l>.l..rc  iKuinniiii;  Uu'  oiuTati-iii.     A  Miiall  hcakiT 
i,„„.nninu   Kin...-  ^nluti..,,   i>  pla.v.l  .m   a  >\n-\\   <.r  stand  so 
,1,,,   pn-MMv  i>  ..l.tainr.l  l..r  a  sii)li(.n  rnnnc(  tm^  tlic  cMUiMits 
uiil,   .,   ruhlnr   lul.r  xvliuh   i>  l.ui^  in.u.^h   f.  I'c-  niannu.latc-d 
u,tl.  .aM.  wlun  the  tinu-  n.nus  to  inst-rt  the-  cannnla.     A  small 
v;l,,.-  cannula   fits  into  tlu'  lowrr  end  of   the  nilAn-r  tube,   the 
tlnu   ol  M.lution  luin^  controlle.l  by  a  clamp.     Make  sure  that 
,!„■   ^xMeni   of   tulK'  and    cannula   is  al.solut.  ly   free   from   air. 
I\,,.,M-  the  heart  ;  then  carefuHv  free  a  short  length  of  the  inferior 
v.na  .ava  uithon'  i.uncturinu  it.     Place  a  tine  liR-iture  .iround 
thi-..    .\l-opa->li^alure>  around  theother  veins  which  supply  the 
vinu-  V.IH.M1-.     No\s   with  Miiall  forceiis  pick  up  the  lower  end 
,,,  ,i„.  ,-,,.,..i  p,„-,i.,n  of  the  vena  cava.    With  small  sharp  scissors 
nil  uMi.iuelv  downward  and  foruard  not  -luite  hallway  through 
du-  vein.     Huldinv;  the  vein  Hap  with  forceps  insert  the  cannula 
.,,1.1  tie  ihe  ligature  >ecurely  about  the  coiiMriction.     Air  must 
,„„  Ik-  all.med  in  the  vein  or  cannula.     Next  start  a  small  How 
.,t    Ringer's  tluid  through  the  heart,  immediately  opening  the 
,„„■,,,,  and   then   tie  off  all   the  other  veins  enteriiiK^  the  sinus. 
Olil.iin  traiini;>  of  tlu'  ventricU'  by  means  of  a  heart  lever. 

NiM  drurmine  the  itUct  of  the  following  solutions  upon  the 
hi-art    beat.      Between    ea(  h    solution.    Ringer's   tluid    must    be 
p,Tfu>ed  until   the  hr.irt   lKat>  normally.     When  chan^in^  the 
-iph.Mi  fn.m  one  beakir  t--  another  keep  air  from  entering  by 
lil.iciim  ill'-  tip  ol  die  liiiv^er  o\er  the  opening. 
Solution-  111  lie  u>ed  are  a>  lollow>: 
1.   ().7.">'  ,    Natl  in  di-tilUd  water. 
■_'.   A    >nlulion   containiip-;   d-V  ,     NaCl    and    (I.2.V  ,'     KCl    in 

di-lilleil  w  ,ilir. 

:;.   0  7.")'  ,    N.iCl  in  di-tiiled  water  to  nhiih  a    jw  drops  .)f  a 
/)'  ,    Cit'lj  dilution  h,i-  belli  added. 

1     !  ^i^iin..'.!  u.iii  r. 
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CHAPTER    VI. 
BLOOD  PRESSURE. 


EFFECT  OF  CHEMICAL  SUBSTANCES  ON  THE  BLOOD 
VESSELS  AND  HEART. 

'riic  lilodd  strain  must  ho  niaintaiiu'd  at  a  certain  prrssiire  in 
order  U>  fiirni>h  the  tissues  a  ^iittuiciitiy  rapid  supply  ol"  oxygen  anci 
iiutritidu  as  uill  as  to  carry  aw.iy  waste  products.  The  heart  is 
(hre(  tly  resi)onsilple  for  tlie  nioNeiiient  of  !)lo()d.  so  that  any  increase 
in  it>  output  will  incri'ase  the  movement.  Such  an  increase  may  he 
olitaiiied  either  hy  a  greater  rate  or  a  greater  ami)litude. 
Hoth  nuans  are  usid. 

The  lilood  pressure  would  tend  to  fall  to  zero  lietween  the  con- 
trai  tions  of  the  heart  if  it  wiTe  not  for  ♦"  •  elasticity  of  the  artery 
w.ills.  With  ea(-h  beat  of  the  heart  th^  arti'ries  are  expanded. 
As  soon  .IS  the  force  of  the  he.irt  is  spent,  the  arteries  utract,  thus 
prexentinii  a  fall  to  zero.  Fluctuations  in  pressure  are  partly 
pre\ented  by  the  resistance  offered  by  the  cai)illaries. 

The  lowest  pressure  which  is  maintained  is  called  the  diastolic 
I)rtssure,  because  it  occurs  during  thi'  diastole  of  the  heart.  The 
pulse  pressure  is  the  difference  between  the  systolic  and  diastolic 
pre>su!es.  The  more  elastic  the  blood  vessels,  the  smaller  is  the 
pulse  jiressure. 

The  blood  supply  to  different  re^^ions  of  the  body  may  Ik?  in- 
creased by  a  greater  output,  or  by  a  shifting;  of  the  blocnl  from  one 
region  to  another.  The  latter  method  is  made  possible  by  the 
presence  of  vasomotor  nerves.  Certain  nerves  cause  constriction, 
while  others  cause  dilatation.  Thus  the  supply  to  the  muscles 
can  be  increased  by  constriction  of  the  vessels  in  the  abdominal 
organs  and  dilatation  of  those  in  the  muscles. 
Experiment  28. — The  Measurement  of  Blood  Pressure  in 

Man. — .\  sleeve  containing  a  rubber  bajj,  whi(  h  connects  with 

a  mercurv  manometer  as  well  .as  with  a  valved  rul.)lx'r  bulb,  is 
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\vrni)|)<(l  siui^ly  alioiit  the  arm  ami  fasti-ncd.  The  sleeve 
should  lie  i)lai((l  IukIi  enniii^ih  to  perniit  application  of  the 
stethoscope  o\er  the  Ipraihi.il  arter\   i  l•'i^^  21).     Whili'  palpating 


Vie.  •-'1.     Sli-i'M-  in  i.l.ni'  f.T  iiiiMtuniii;  1j1.«.,1  llu-^Ul^•,      It  -Imiiiil  hr  high  ciiuuijh  tn  .ilhiw 
aTiii'l'-'  tocni  I'll  il.i-  -'I'lU.. so '].!■. 
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the  i.idial  arttT\-  tlu-  prcssi-ri'  in  ilif  rul)lHr  l)av;  i>  r.iistd  .ihoM- 
til, it  iu(i>^ai\-  to  iiroducf  olilitt-ration  of  tin-  \n\\>r.  Now  no 
xiuiiil  can  III-  lu-anl  o\er  tlu-  hra'hial  artery  at  tlif  illiow.  Uy 
■^v\\\\\  rtk'a>iii.u  tlu'  \a\\v  tin-  prt^siiri'  is  };ra(liiall\  louirrd. 
[ii-t  as  soon  as  tlif  pres-iire  Ik  ronu^  less  than  s\>tolic  prosiiro, 
liif  blood  is  torci'ii  through  tlu  ocrliKhd  artrrit.>  and  .i  distinct 
tluid  i>  luMrd  at  c.uh  heart  lieat.  At  tlu'  same  tiint'  or  often 
after  the  pressure  has  ln'in  lowered  o-H)  inni.  more,  tlie  pulse 
i^  felt  at  the  wrisi.  The  first  sound  is  iu\er  l.ilow  the  tactile 
indiialion:  if  it  is,  some  error  has  been  made  in  the  a|ipiieation 
i.f  the  ajiiiaratus,  usually  the  stethoseope.  Tlie  pre»ure  re.id 
,it  the  time  th.it  thi'  first  sound  i>  lie.ird  is  >\>tolic  pressure. 

As  the  armlet  pressure  is  furtlur  lowered,  the  M.und  he- 
(ciiiie>  proiiressi\elv  louder  and  sometimes  risemhles  a  murmur 
ill  ch.iracter,  .md  then,  rather  suddenly,  it  liecome>  teeliler  and 
at  the  same  time  duller.  At  this  point,  the  manometer  imlit  ates 
the  dia>tolic  pre>Mire.  After  this  Midden  sound,  the  sound  may 
(ciiitinue  to  he  heard  for  a  loni;er  or  >horter  time  as  the  armlet 
pn»ure  continues  to  fall. 

The  dit'feri'iu-e  between  systolii"  and  diastolic  pressure  is  the 
pulse  iiressuri". 

Determine  the  heart  rate,  ->>tolic  and  diastolic  pressures 
under  tlie  followin^^  c-oiiditions  in  as  many  different  subjects  as 
po»ible: 

Suiiine  position,  sittinj;,  standing  and  immediately  .ifter 
\i 'porous  exercise  as  running  uj)  and  down  stairs.  How  dois  th.e 
pulse  pressure  change  under  these  conditions? 


PRINCIPLES  OF  HAEMODYNAMICS. 

I'he  blood  propelled  by  the  heart,  circulat-s  in  a  closed  system 

uilie<.     Both  tile  output  of  the  heart  .md  the  resiionse  ot   the 

-1  K  attect  the  rate  of  flow.      Increase  the  output   of  the  heart 

li\-  a  );re.iter  number  of  contractions  per  unit  ol  time  <ir  i)y 

'\'^  the  .imiilitude:  either  chani;e  will  pro<luce  .i  ^re.iter  How 


of 


It  1 


he  blood  circul.ited  in  periectU'  ri^id  vessels  the  pressure  in 

if  the 


till  >\stem  would  '-;.;c'  to  a  maxinuim  during  the  coiitniction  o 
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iH-.irt  ;m(l  t.ill  t<.  /en.  .Iiiriiiu  tlic  nlaxaticii.  Tlio  flow  in  such  a 
(MX'  wniild  1„.  sp.iMiK.dic.  On  tlif  (.thcr  hand  if  tin-  walls  of  the 
\(>M  1>  arc  claMic.  they  arc  strcK  li.-d  l,>  i;uh  spurt  of  hlood  from 
tlif  luMrl.  aii.l  tlicii  as  the  hc.irt  Levins  to  r.  lax  the  .Hslciidcd  vessel 
wall  lKi;iiis  to  contract,  thus  forcing  the  l.lood  onward  in  spite  of 
the  ina,  (ixity  .,f  the  heart.  The  elastic  wall  lheref.,re  keeps  the 
Mood  pressure  from  fallini^^  to  zero  during  diastole. 

11   the  l.lood  meets  with  resistance  somewhere  in  the  path  the 
vessels  on  the  nt.ir  side  are  distended  more  than  they  would  he  if 


XH-U;. . .1  and  m  ,    -pectrvery.  '     '^'^''^^""-'^  -"-e  measured  by  mano- 

Ihe  resistauce  were  decreased  or  absent.  The  greater  the  distension 
ot  the  tubes  the  longer  they  require  to  contract  so  that  a  steady  flow 
woul.l  be  kept  up  for  a  longer  period.  When  the  peripheral  resist- 
ance ,s  constricted  venous  flow  is  regular;  great  dilatation  produces 
an  intermittent  venous  flow. 

Experiment  29.  -  Circulation  Scheme.-Manv  of  the  foregoing 

.,        ...K  ...   ^omonst.ated  by  a  smipk-  system  of  rubl)er 

tubes  (l-,g.  22).     A   rubber  bulb  represents  the  heart.     The 
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Biooi)   I'ri;s>>i  Ki;. 


(■•0 


rill  Ik  r  tiiliiiii;  iic.irt^t  tin-  luart  takrs  thi'  place  of  the  arterial 
->--'(  Ml,  while  the  \enoiis  system  is  the  tiihin^  on  the  other  side 
of  tile  n>i>tail("e. 

1.  With  nioder.iti'  capillary  resistance  determine  a  rate  of  bulb 
(  niii|)re^^ioii  which  will  cause  a  pronounced  rise  in  pressure  as 
"-liow  n  1)\  thr  m.inometer.  (If  possible  both  arterial  and  venous 
iiLinuiiK  tt  iv  >li(uil(l  record  in  line  vertically  with  each  other;  to 
i\n  ilii-  the  arterial  pressure  zero  should  be  higher  than  that  for 
the  \tn(iii>-  pre>siiri'.)  '  means  of  the  block  vary  the  ampli- 
tude, but  maitttain  .i  c  iistant  rate.  What  do  the  records  of 
MiKuis  and  .irteri.il  ])re>sure  show.''  What  can  \()ii  say  in 
rei;ard  to  the  \'enoiis  out tlow? 

2.  With  the  same  capillary  ri'sistanct-  and  with  a  niodiTate 
amplitude  \ar\  the  rati-.  Obtain  pressure  records  and  note 
xeiKuis  tliiw  . 

.5.  \\  iiii  the  rate  which  ^i\'es  ihe  best  results  and  with  moderate 
ampJitiKh'  \ar\-  the  capillary  resistance,  recording  pressure 
changes  and  iiotinu  \enous  outflow  as  before. 

(  omjjare  diastolic  and  jnilse  pressurt's  under  the  foregoing 
condition'-. 

What  relation  does  ca])illary  rtsistance  bear  to  them? 

How  do  am[ilitii(le  ,uid  rate  of  the  heart  contraction  affect 
di,i>tMlic  and  pulsr  pressures? 


Response  of  Blood  Vessels  to  Chemical  Substances. 

1  lif  aiiioimt  ot  blood  to  .my  rtgioii  can  be  increased  by  an  in- 
ert mm-  ill  the  output  of  the  heart  or  by  a  dilatation  of  the  blood 
M.->(  Is  in  that  regiuii.  Dilatation  may  be  brought  about  through 
action  of  the  n.r\es  to  the  \om1s  or  by  chemical  substances  in 
the  biood.     I(,r  exampir  <  irlain  waste  i)r(Klucts  such  as  lactic  acid 

ma\    cnii>e  dilat.ition.     The   1,1 1   v. -mIs   therefore  not  only  by 

their  elasticity  lulp  to  maintain  a  steady  blood  tlow,  but  by  their 
aetixf  constriction  and  dilatation  shunt  the  blood  to  regions  most 
in  nee.l  .,f  it.  That  the  blood  vomIs  ^^\\\  respf)nd  t(.  chemical 
substanci's,  can  be  shown  bv  the  following  experiment. 
Experiment  30.  Perfusion  ot  the  Frog.  Not  only  cau  the 
heart  be  kept  beating  for  .i  consid.rable  time  by  perfusion,  but 
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n'rciilatioii  (an  In-  m.iintaiiud  for  some  tinu'  through  the  blood 
vcssils  as  well.  Arraii^f  the  luaktr  and  siphon  for  perfusion 
as  used  in  ilic  turtle  heart.  After  I'xposinjj  the  heart  of  a  frog 
whose  brain  has  been  destro>ed,  tie  off  one  aorta  and  fasten 
a  r.innnla  into  the  other  so  that  it  will  lead  away  from  the  heart. 
Air  nnist  not  bi'  allowed  to  enter  the  system  on  any  account. 
Han^'  the  Iro^'  toes  down  and  allow  the  fhiid  to  escape  from 
an  incision  in  the  sinus  venosus.  I)«-termine  the  rate  of  flow- 
in  (c.  lur  niinut*'  for  Rin^Hr's  solution.  This  can  be  done  either 
b\  nicisuriuK  the  inllow  from  a  burette  or  by  collecting  the  out- 
tlow  in  ,1  graduated  cylinder.  Next  perfuse  with  Ringer's 
solution  containing;  0.1';  XaXO.,.  What  is  the  rate  now? 
Wash  out  tlu'  latter  fluid  with  Ringer's  solution,  then  perfuse 
with  Rin^'er's  solution  cont. lining  adrenalin. 

Although  adrenalin  causes  constriction  of  the  blood  vessels 
in  the  froK  and  under  certain  conditions  in  mammals,  small 
fiuantities  of  adrenalin  cause  dilatation  of  the  vessels  supplying 
skeletal  muscle  in  most  mammals  w  hen  injected  into  the  general 
circulation. 


■^}.^T%^^^^^^ 


SHCTIOX    II  B. 
CHAPTER    VII. 

HAEMODYNAMICS. 

Altliniij^h  main-  fiiiHlaiiuntal  facts  n-l.itiiiK'  to  tin-  fiinrtion  of 
llic  canlioNaM  iilar  >\sti'm  can  l)i'  Icariu-d  from  rxpiTinu-iits  on 
(■ul(l-l)l(M.(K(l  aiiini.ils,  it  is  issi'iilial  for  a  proper  undorstandiiiK  of 
tlif  i)liy>i()lojiy  of  thf  <  irculation  in  man  that  a  cirtaiii  minilKT  of 
ixiuriimnts  Ik-  lurformcd  hy  the  stucifiit  on  mammals.  In  order 
th.it  this  may  l)e  done  without  eausin^^  any  pain,  the  animal  must 
he  deeply  .inaisthetised  by  an  expert  assistant  before  startinj^  the 
expiriment,  the  anaesthesia  must  be  maintained  throughout,  and 
when  the  experiment  is  finished,  the  animal  must  be  painlessly 
killed.* 

The  followin^^  two  experiments  are  selected  to  illustrate  certain 
fundamental  factors  jjoverninR  the  circulatitm  of  the  blcKxi.  Other 
fundamental  experiments  will  be  demonstrated  before  the  class. 

L.ich  experiment  is  performed  by  a  Rroup  containing  from  four 
to  SIX  students.  Two  of  these  act  as  operators  aiul  are  responsible 
for  the  operative  manipulations,  one  or  two  attend  to  the  apparatus 
(technicians),  and  the  remainder  make  detailed  notes  of  every 
step  in  the  experiment.  After  the  experiment  is  completed,  the 
group  should  rexiew  the  results  and  each  member  of  it  prepare  a 
reiM.rt.  embodying;  ,,,pi,  .  (,f  the  tracings  secured.  These  reports 
are  to  be  h.mdid  in  for  inspeition.f 

•I\,r  small  classes  it  is  pradicahle  to  have  these  essential  mammalian 
eM„r,M,.nts  ,|onc  on  .lecerebrate.i  preparations  (see  p.  22,5),  hut  this  is  im|H.ssiblc 
\sluii  lar^e  nuinhers  have  to  be  provided  for. 

tl  or  the  experiments  each  student  must  pn)vide  himself  with  the  following 
instrunu  nts:  dissecting  case,  including  1  i.air  scissors  and  a  l.Innt  hnnl-  rannuri-m 
_nee,lle  or  strabismus  hook);  2  pairs,  haemostats  (Pean  or  SlK-ncer  Wells  forceps); 
-  pairs,  bull  dog  forceps;  a  stethoscope, 
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Experiment  31. 

BLOOD  PRESSURE.  NERVE  CONTROL  OF  HEART  BEAT 
AND  PERIPHERAL  RESISTANCE.  HAEMORRHAGE 
AND  TRANSFUSION.     INSPECTION  OF  HEART. 

1.  I'ki  I'Ak  Alios  oi  Ammai,.  -  Wti^'h  tlu' iinim.il.  In  the  case  of 
dii^'-,  iiij((t  iHdrpliiiic  Mihitinii  (siil|)liale  or  hydrochloride)  sub- 
(  Mtaiicoii^K  iO..")  cc.  ol  '2'  ,  sohitioii  per  kilo  ol  body  wi-iijht).  In 
the  c.i^c  ol  ( ,it>,  p.l^^  tlic  stomach  tiil)c  .111(1  pour  the  rc(niiri'd  amount 
oi  ur(lli.inc  '-ohitioii  into  the  >toniacli.  (('ii\i-  1  ^r.mi  of  urethane 
per  kilogram  ot  body  \\(ii;lit,  dissol\in>;  it  in  water  to  make  a  20'  o 
solution).  '1  liest'  preliniinarx'  operations  .ire  to  bi'  perlormed  by 
tlif  laiior.itoiy  te(  hnician  or  by  a  demonstrator,  with  the  students 
assisting.  In  a.boiit  one  halt  hour  the  .ininial,  now  practically  un- 
((iiisrioiis.  i>  coni|)kteIy  anaesthetised  by  administering'  ether.  To 
do  this  jioiir  .iboiit  I'O  c.v.  on  a  towt'l  .ind  hold  this  tirmh-  o\ct  the 
nui/zlt'  ot  tlic  .liiimal,  beini;  carelul  howe\tT  to  a\'oid  sufToc.ition. 
Till'  animal  is  then  tied,  b.ick  down,  on  tlu'  anini.il  board,  mear- 
wliile  dn])  .inaeNtlu>ia  is  maintaiiu'd  by  iii\inii  etiier.  Count  the 
])iil>e  at  the  liiiiorat  .irltTy;  count  the  resi)irations  and  record  the 
rectal  ltnip(  ratiir*'.  Note  .my  ])eculi,iritiis  about'  the  .mimal 
le.i;..  eiilars^ed  lli\roid  i. 

While  the  ojur.itor  .ind  .maesthetist  are  i)re|)ariii^  the  animal 
.ind  pirlormiiii;  tlie  necess.iry  oiKTatioiis,  the  technician  .iiul 
other  numbers  ol  the  liioiip  proc<'cd  to  ^vt  the  m.mometer  tubing 
.111(1  (annul, I  r(  ady,  .is  directed  in  ])ar.  ;?  Ik'Iow. 

'_'.  I  Nsi  ki  ION  Ol-  TkAt  111  Ai,  (ANM  l.A.  Moistiii  tile  hair  in  front 
ol  the  ne(  k  a. id  make  a  median  incision  down  to  the  traclu'a  (cut 
with  the  cd^c.  imt  with  the  point  of  the  sc.ilpi'l).  Pass  a  stout 
liuatiire  under  the  tracluM.  M.ike  a  tr.msvirse  incision  half  way 
ai  ro>>  the  tr.iche.i.  iii>ert  the  tr.iche.il  c.iniuila  and  tie  it  by  means 
ol  the  liiL;atiire.  The  tr,ich(ai  cannul.i  is  inserted  to  f.icilit.ite 
.iitilui.ii  re''i)iration  should  this  be  necissarv.  If  further  anaes- 
tli(  tic  i-  r((|uir((l,  ((Uinect  the  tr.icheai  cannula  with  the  wide- 
inoiithcd  .iiiaesthetic  bottle  coiit.iinini;  some  ethe.. 

'A.     I\s!   K!!(>\  (>!■"  <     \!J,(>J!!)  (   .wvi   i   \    wij   1^  j.(  (>k!!!\'! ;  OF   \!  !'\V 

AkiikiM,  iii.ooi)  I'ki— I  ki.  -  I'lill  .ipart  the  skin  ll.ips  .iiid  sc-parate 
the  sl(  iii(i-ma>loi(l  .md  sicriio-tln  roid  muscles  so  as  to  expose  the 


1 


^M^-^^^. 


■dikjsi^ 
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i.iroiid  .itttry.  With  an  antnirysin  lurdlror  .i  l)liint-|)()inti(l  curved 
-.  (  kt  I ,  frti'  llu'  carntid  fn)m  its  sheath  for  ahimt  an  inch  and  plaee 
!uii  ligatures  under  it.    Tie  the  peri|)lieral  ligature  I  tlie  one  farthest 


'..  j;t.     Still:.!,  manoiiii-'lir,  jir 


u!r,  etc.,  (or  ri'Corilir.B  blood  !)r(.•^^ure. 


ii'iii.  hearth     Place  a  bnll-dog  forceps  on  the  artery   central 

tn  fhi   ■  '  !!tn'.!  litrature. 

^1  p.irate  the  vagus  nerve  from  the  carotid  sheath  on  both  sides 
'  'ti(  iitrk,  and  place  ligatures,  without  tying  them,  around  both 


I 


I.M'I  KINII  \  I  Al.    I'll\->I<)|.()(,V. 


lit  tvc--      I'm  liiill-ddt;  Icpri  t|»s  on  (li(   li^,ll^lrl■•^  In  i)rt\i-iit  tlu'sr  from 
>li|)|i!ii:<  nil. 

Mr.iiiw  liilf  .1  ( .mmil.i  ol  >iiil.il»li'  si/c  i;>  (omut  ted  to  llic  m.mo- 
iiit  ii  r  I  lit;.  L'i'.i  liv  niMKr  tiiliiiiL;  \vlii<li  li.i>  l«»ii  s(rii|)ul(iii>lv 
(It.iiHil  ol  .in\  old  lilood.  'I'liis  lubiiii;  is  .ilso  comift  ted  I)\-  a 
'I"-|)i((c  uilli  .1  liolllc  |)ro\i(lcd  witli  a  ruMnr  t)iill)  .itid  containiii^; 
.1  '_"  ,  -oliilioii  ol  -o<limii  (itr.iti-  to  |)n\tiit  (lollinj;  of  tlu'  lilood. 
'i'lif  ( .iiniiil.i  mii-l  l><  s(  riipiil((ii>ly  ( Ic.m  and  >lioiild  lu'  slinlith-  oili'd 
lirtoK  iiiMiiiiii;.  (  )lisi  i\aii(  (•  ot  lliof  i)ric,iiilion>  ^;r<all\  dim- 
iniNlit>  Mood  (lolling.  A  piiulKnik  on  the  sidt-  IuIh-  which  con- 
iu(  1^  uilli  till  liolllc  i>  (aiilioii-ly  o|niuil  .ind  li\  ).;ciitU'  coniprcs- 
sion  ol  llii  iiililMf  liiilli,  whirl)  is  ((iiiiurtcd  with  llu'  liottlc,  the 
tiiliiiiL;  i>  lillcd  uilli  ihc  (ilr.ilc  solution  to  tlu'  (•\(lii>ioi,  of  all  air 
liiililiK-  Tlif  iiiiulHdck  on  the  sid»'  IuIk-  is  ( loM-d  and  a  screw 
I  lip  i-  piai  (d  on  the  tnliiiiv;  whi(  h  coinucts  iii.monu'ttT  and  caniuila, 
and  (loM(l.  riif  writing  sl\If  of  tlu'  chnino^r.iiili  is  now  adjusted 
so  iliat  it  idrns|)ond>  to  thai  of  the  iii.monu'lir.  The  line  of  the 
linif  Hat  ini;  tluielori'  str\i>  ,i>  tlu-  line  of  /em  pressure. 

The  ( Miiiuila,  filUil  to  the  tij)  witli  tlu'  citrate  solution,  is  now 
in-trlttl  liy  the  oper.itor  into  the  artery  in  the  folltiwinji  w.iy:  the 
wall  III  the  artery  near  the  peripher.d  ligature  is  |)icked  up  hy  a 
ton<p>  anil,  will)  a  sharj)  scissors,  a  \'-shaped  cut  is  made  into  the 
.Hit  ry  wilhonl  ciitlinii  it  cli'ar  across.  The  tip  of  the  \'  jwiints 
liiriplieralh.  ilic  \'->liaped  llaf)  is  lifted  up  with  a  line  pair  of 
Ion  ip>  ,ind  the  c.miuila  inserted  into  tlu'  arler\-  and  tied  hy  ineans 
III  the  central  li^.itnre.  The  clip  on  tin-  Inhin^^  connected  with  the 
lioitle  i>  (.pencil  and  the  1  mil i  compressed  imtil  a  pressure  of  about 
rj(t  mm.  Hu.  i>  ricordid  in  the  m.moimter.  The  i)ressure  in  the 
tnliini;  iin\enis  liioiul  from  entering;  it  when  the  "hull-doj^"  for- 
te p--  oil  the  artery  is  o]Kiied,  which  is  now  done.  The  writinj^ 
st\  ir-'  III  the  m.inonieter  and  chrono^r.iph  are  adjusted  to  the  drum, 
.Hid  a  liai  iiiti  i>  t.iken  with  a  slow  spei'd  drum. 

I.  Di  \niNMK\ii  nil-;  I:iii:it  on  thi-;  Mi.ood  Prkssi  ki;  ok 
\aki\iii.\mn  nil  I'l  Mi'i\(,  .\(  rioNoi'  rm:Hi:ART.  Stimii.ation 
oi-  I'l  Kinii  KAi,  I'.Mi  t)i  \Aia  s  .\'i:rvi:.-  I-:xpose  the  va^uis  nerve 
in  till'  net  k  oii  Imih  >ides  and  looM'ly  tie  the  liua.tures  th;it  were 
IirevionsK-  placed  arouini  c.ich  iuT\f.  Start  the  drum  and  record 
a   vlmit    jiicce  of   normal   tracing,  and   then,  without  stopping   the 
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id 


(liiiiii.  (  111  first  <iiu'  .111(1  tlu'ii  tin-  DtluT  \.»mis  lutwofii  the  li^'iturts. 
\.pt(  ilu'  clTtct  j)r(xliicT(l  oil  the  lilood  pressure  (Mk-  -")■  l'> 
-icii.il  ilie  inonient  of  cutting',  sliort-t  irciiit  the  time  tracing;  for  a 
^t  II mil  or  two.* 

Allow  MNiral  inches  of  tracing  to  he  recorded  after  both  lurvis 
li.iM-  I'ceii  cut,  so  as  to  he  able  to  determine  the  after  efTects;  then 
~["\i  ttic  dnini  and  |)lace  the  peripheral  end  of  one  vagus  on  elec- 
irmlr-   (Dining   Iroiii   a   short  circuiting   key  which    i-.  meai     hile 


li'..   -M.     ArliTi.il  hlcxiil   iin-^siiri-  iri.ini;:   di)   (liiriiii:  mnflfratf   -timulatiiin  (if  the  [MTi- 
•    1  '■ml  '>(  vaKii-,  iht  (Itiriiiy  stiiiuil,iti>>n  ut  siilaiichnii   nrrvc. 


-I  i'.     Record  a  short  i)iece  of  normal  tracing  and  then  hy  opening 

liiift-circuiting  key,  stimulate  the  vagus  with  an  induced  cur- 

it  is  just  hearahle  on  the  tip  of  the  tongue  and  note  the 

I  til    I  produced  on  the  hlood  pressure.     Signal  the  time  of  stimula- 

iii'ii  .1-  ahove  directed.     Demonstrate  esc.ipement. 

'In  >liort-circiiitinK  the  time  marker  in  this  way  the  seconds  cease  to  l)e 
'•"ir  !i.l  ,111(1  the  lircak  in  the  otherwise  regular  time  tracing;  affords  a  useful 
-  ^n.il  indicating  the  moment  of  cutting  or  stimiil.uion. 


>:.  -iS 


Ftyi 


I    Ml  Kl\1l  M  \l     !'ll\-l«>l<»'.N 


K.  j)(  ,ii  wiili  t!i<   ..pin'-iti-  N.iKiis, 

K,,M,il    iIm    .Ap.iim.nt      iimi.v;   v.irxii.u  stnnulli'-  ..f  Mmuili. 

1- Alil.lill     tin      I'  -lilt- 

:,.  l)i\i..N-ii<Mi  nil  I  MM  I  '"  \  \i<MN<.  nil  I'ikh'iim^m. 
K,.i-ivN.  I  ..N  nil  Hmm'I.  I'ki-1  in  ;Siimi  i  xn-.s  oi  Sri  \m  h- 
M(  \i  K\  I  .  M.ik.-  ,m  iiK  i-i"ii  .ilcMiK  ilir  Kit  ..  -l.il  in.ir^iii  M.irlm^: 
],|„„,,  |>  i,,.!,..  IroM,  tin-  liii.a  ..ll....  Ali.r  -t-MM'i-'K  -iH  lH"'<'rr- 
h.ip'.*  up.  11  (lir  pititoiHiim  .tu.l  in.ik.  ..Ill  111.'  Mipr.tr.  iKil  <-.ipMilf 
Iviii'^  -s.r  ,1  ii.iii-s.rMlv  ...ursine;  v.in.  .|n-l  -ml-i.l.  tlf  Mipr.in- 
,,.,1.1,1.1  ,.l".\f  till-  \tiii  <N1"'M'  tlH'  ^r.Ml.r  Kpl.Mi.lu.i.  n.rv.'  i.y 
M„nl  .lis-..  ti..ii.  Tic  ..  liu.iturc  l....>tly  .ii-'mi.l  tlu^  mrvc  ..ii.l  lay 
tills  .„,  iK.tr.Ml,>.  Wliil.'  r.r.-r.linv;  .i  n-'HiMl  Ir.uiiiK  "I  tlu-  M.mkI 
p,..,uf  stinnil.if  tlu'  mrsr  iii;.  I'l'.  In  t.ikiii^  tlii^  tr.iniiv;  ..11 
(lit.iil-  .If  t"  I'c  t.ill.'U*  'I  •!-  ill  !'•"  '• 
l'.\pl,iiii  tin-  rc-ull. 

'll,,.  -pl.ni.luii.-  iHiNf  i>  .lim.ult  t..  fm.l  unU-  llu'  ..lMl.,min..l 
vi-..ra,  will,  the  .x.rpti.Mi  .,f  tlu-  Kit  ki.ln.  a  ,  ar.'  w.ll  u'tr.i.trd 
t..  th,'  rii;ht.  'llii-  i>  I"  I"'  'I"""'  '"^  ''"'  •'>-'-'•""  "I"'-''"'',  w  li<>. 
s|,,n.linu'..ii  the  riulil  .>l  tin-  .iiiinial.  ...v.  r>  tlu-  x  iMt-r.,  ^^\^h  .K.ths 
x^ruuK  ..lit  uitli  w,,rm  ().'•',  NaCl  s.,liili..ii.  i.la.o  tlu-  K-tt  liaiul 
xvith  tinuiT-  i-xt.-n.K.l  ..x.r  tlu-  .L.tli.  and  tlu-ii  uitli  tlu-  Iiiik't  tii)s 
j.i.t  K.ii.liinu  tlu-  p..M.ri..r  uall  .>!  tlu-  ,il'.l..nuii.  inills  tlu-  visct-ra 
t.,u..r.ls  tlu-  ri'Jit.  With  tlu-  rij;lit  haiul  this  .MH-r,it..r  ..Is..  i)iills 
tl,,un  tlu-  ki.hu-v  ..n  tlu-  Kit  m.K-.  iU  tlu  s.-  ].i-<.<c<hia  s  tlu-  supran- 
ii.il  ..ip-iiK-  i^  i-asily  Im-imht  int.-  xic-w.  .in.l  tlu-  .,p.r.it..r  isolates 
tlu-  >plan.hnu    iuia.'  I'V  Munt  .li-M-.ti-.n  in  tlu-  r.-i;i..n  just  al...vo 

llu-  .ap-iiK-. 

It  i>  ..II.  n  -iini>Kr  t..  tiiul  th.-  -i>l,iii.  Imic  iur\  t-  .m  thi-  n^ht  sido. 
In  tin-  .a-.',  alt.  i  r,n,i.tl..n  ..I  tlu-  \i-..r.i  l.v  tlu-  proa-diir.-  (K- 
s,-,il,..|,il,ux..  l.ut  inu.,nl- tlu  Kit  -i.K,  th.  rik^hl  ki.hu  y  ist-\p.iM(l, 
;,iulth.A.in..nnn..!iii;.lh.-.ilKK.niin..liiui-.K>\\ilhtlu-a.lrt-nalvi-in, 

is    liL;al.-.l    in    \\\n    pla. .  -    and    .nt    h.twivn    tlu-    liii.it  iirrs.     The 
si)l,nt.hiiH-  luiA.-  i-  tlu  11  i.K.u-slu  int..  view  I.y  lillK-  di->.-.ti..ii. 

•111.  l,.,niMnl..i-:.'.v.in~t,i. -iK  wlun  i  lu  i!:um  I, -,...■  L.ini; 'Ut .  ]«  auv-^i  it 
fir„:lv  .,  ,,.uf  il,.>  u..iin.i  will,  -in.ic.l  i;...!/..  !.....!.■  ll..'  M.^'linu  l".i"'i-,  .atrh 
tlu-n.  u.  111.-  i...mt~ul  ,„i..x  I..1..1-  !....n...-l,.i.  ..n,l  uluU-  ,.n  ....iM.ini  v;.ntiy 
H,-\,,u>ilu  |....ni  ..t  ill.- 1.-I..1 -.)!.■  a  li^.ii.in-..n.un.l  1 1»- 1  i-u.- ra.ij;ht  in  tliL-ni. 
r.,r  N.n,.u-  ...111  ...i-ill.iiA  ".-■'  =  -:.  l-i'-ur,-  ^^»h  ..  pi...-  ..!  i^au/.-  wriini;  out  in  hot 
w.ll.  r  is  u-n.i!l\  -uKi.  i.  iil . 
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(.      |)|Mit\-<IK\  II        nil       r.l  IK    r->     III       II  \l  \lokkll  V..I        \M>     OK 

I  u  vN-i  (  -<i(i\  (t\  nil  Ml  \\  Akii  ki  \i.  Hi  <".i.  I'ki  ---i  ki  liiim- 
.!iii  r  .1  ( .mmil.i  into  tin  It  tiioi.il  .tilt  r\  i<\  <>iif  -i'lt  .mil  .iiimiIu  r  into 
ih,  ttinor.il  viiii  III  llic  iitlitr  >iilf.  'I  lif  .iihri.il  i.mniil.i  i-  intrn- 
,|ii(  t  il  .!>  ilint  It  il  .liii.vf,  .1111 1  (oiinii  ttil  with  .i  pit  i<  nt  nildiir  luli- 
in;;  iliri.iiv;li  whit  11  In  I'lftil  tlif  .miin.il.  Tlif  m  iimi-  i  .miiiil.i  is  iiitro- 
MiKiil  .1-.  tnll(iu>:  Tlif  \tiii  i>  tApiistil  .nil!  luu  lii;.itnii-  iil.iitil 
,ii,i|t  riif.illi  it;  .1  liiill-ddK  liiMt|>-  i>  .ipplitil  itnlr.il  in  tln'  itnlr.il 
:^  iiiin-,  .mil  tlif  iKtiplitr.il  liu'iHn''  i>  litil.  A  t.mmil.i  I'l  -nit.il.li- 
i/t  .  (niiiui  ltd  with  .ihiiiit  •>i\  iii»  ht>  i<\   tiiiilitr  tiiliiiiv;  •Hi'l   tiilt<l 


I'K..  '2'>.     Arti-ri.i!  IiI.xkI  iirv-:-^\iri-  tr.u  iin;  >liii«itn;  tin-  fffcct  i<i  a  n.oderalely  ilovi  lianiiirrhagt 
.\Mil  by  a  r.ipid  h.rini.rrli.iKr. 

iiii  0.9'  ;  XaCI  solution,  hi-kl  in  by  means  of  a  clip  on  the  nihher 

iiiiiny,  is  inserted  into  the  vein  towards  the  hiart  in  exactly  the 

iiiu'  way  as  in  par.  ',i.     When  holh  c.iniuilae  are  in  position,  the 

ililiii;  on  the  venous  cannula  is  connecti'd  with  ,i  hureitt'. 

Hakmorriiage. — After  takinji  an  inch  or  two  of  normal  tracing 

tile  pressure  in  the  carotid  artery,  the  clip  on  the  femoral  artery 

lurtially  or  completely  removed  and   the  blood  whidi  escajK-s 

.1  ted  in  a  basin  and  dcfibrinated.     Note  the  effect  on  the  blood 

.e--iire  (a)  of  sudden  and  (b)  of  gradual  bleeding  ( Fig.  25).      It  will 

.1  ImuikI  when  the  artery  is  fully  opened  that  there  is  an  inmiedlalc 

ill  in  blood  pressure  due  to  release  of  peripheral  resistance.    If  the 
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dip  i.  ,,mIv  i.artiallv  ..priir.!.  rrmsi.liral.li-  l.Ur>liiiu  may  ..crur 
\ninn-  tlu'l.l.KMl  ,.R»urc  is  n.a--:  ■"-  :>  if.  ■.•..■.!  (•...U.iuu'  the 
McidiiiiL;    uiil'l    ■>    IHrmaiuii 


r((  iiKit  I 


1.     Al II lilt  'J.')  (  .('.  I 


tiTi.illy   alTccttd.      (■(Hituuif   t 

t    (inarkfd)    tall    nl"    lildu.l    pri>Min'    is 

I  1,1,,,,(1  JUT  kii.  liddy-wriKlit  nuist  iiMially 


lie  n  nni\i'<l  t"  nlilain  llii>  irsult. 

Samm-:   TuANsii  -^i()\.      Now   (iimui  t 


tlu'  \in(iii>  cannula  willi 


filird  with  a  (».'.•'  ,    N.K'l  xilution.  pn-vumsly  wariiu-<i  lo 


a  Imrcttf 

i)..i|\    i(  inpi  raluri';  niinAf 


(1  t( 


tlu-  (lip  and  .iH'iw    tlu'  >alinc  to  1 


)ass 


int. I  I 


he  animal,  lakini;  i;''^'''  ''•>''*' 


that  iKi  air  l)ul)liU>  air  carru-d 


in   wit 


h    tlu-  Miliitinn. 


MtallwhiK-     MAKI-.    ()li->l.l<\ATI()\-   ON    Tin-: 


\  I  \(il  >    lU.OOli   I'UI  --^l  Kl.   '  W 
linifli'    at   whirl)   im  iiKm-  sa 


hii  h  is  iiulicati-.l  by  tlu-  luii^ht  in   the 


h'  ivih'  111  "" 
( )liM-r\»-    ail  lul 


n.  (il  w  .iit-r   am 
1\   tlu-  i-IU'<  t 


lint-  cnti-rs  tlu-  \i-ini;  luitini;:   mi   \i- 

1  (1)1  wlu-tlu-r  it  shows  any  piilsation- 

tlu-  tiMiisliision  on  tlu-  artt-rial  I)loo( 


])n  -'iirr 


lii. 


Ill-      I  ill  Ml 


nnn  i\  cc 


in   tiii>  and   in 


drill 


11    (It-lilirina  '■<! 


\\  lie: 


licatinii  in  a  ckan  ( 
\\  lu-r,    liliiin    lorniali<in    has  ci 


ill  ntlu-r    •xpirinunts  is  to 

|i\    lia>in  with  a  luiiuh  ot 

ascd    tlu-   -vhippi'd   blood    is 


-tiaiiu-d  th<iiiu;    mil 


>lin.  and  mi-a>urt  d  m  a  i^radu.i 


ti-d  cvlindfr. 


Hi.oon    i  .<  w-ti  --lo-^.      Aic 


\uain   liK-il    Irom    tlu-   tt-moial   arti-ry. 


inliilK    iHi'inii  ili»-  iit 


ha\'.inr  of  lilood  pnsMiri-.  i-i--pir,itions.  vXc 


>    ,tt-  aii\    dill  -iv  iu-t->  ill   t 


taiiud  pri\  Kills  .o  \ 


Is  ixtrt 


h--  (h.iractcr  of  ihf  blood  from  th.it  ob- 

hr  saliiu-  transfusion.     W  lun  tlu-  bhiod  prrssuri- 

sfusi-  with  <U-!\briiiatrd  blood   and 


iiu\   lo'A    '40  mm.i   'r/.n 


itr  thf  (III  I  1    on 


tlu-   bl( 


I  id   jin-ssiirc 


iiKjiarcd  with  that   i 


)n  I- 


diuvd   li\        line   dilution.      Note  i).iriiiii'ariy  wit 


h  which  solution 


(IV-  i(st(  ircd  i>i(     -'ii 

7.    <  )li    IK'   I      1 
AkIII  K    I  M     Kl   -I'll.  Ml'i^ 


lic-t  inaint.aiu 


d. 


,  I      1  II    \R1     Hi  AT    IN     111! 


(  »l'l  N    TllOKAX    rNlll-.K 


itr,i.,l  11  sanation  is  imji 


.ssibk 


,11,  r  ilu-  tli^r  ici.    I  a\  i!\   ha-  bi-cn  diu-iK-d  u-Xj 


d  I  explain  win  )  it  is  lu-ct-s- 


ir\    ii  1  -tail   .iititii  i.il 


rc-jiM  at  ion 


1  \    nu-aiis  of  a  pump  (dniucti-d 


w  nil    I  he   liMi    ical   I  , lunula. 

li 


The    lir  d(li\crcd   from   'h(-  pumi)  is 


11  a  .oiiiiii!-'  Us  -inain.      In  urdcr  io  micrri 


the    rr-pl 


ill-,     a     w  M  ( 


r 


plCC(-      I-      pl,l(  (■' 


iijit  it  --o  a-  to  simulati- 
III    the    rublK-r    tube 


.(■t\\(>n    die    pump    and    Ira'  lu-ai    (.niiiula,    aiu 


1    thi-    si( 


tube   is 


ipi  ned  am',  '  n   -id  b\    a  tlllicci     i 


'1 
respiration:- 


t  ,1  r.iic  corre-iiondinu  to  tlu-  iiorm,il 


I;,    . .1.1(1-    1(1    c.pcll    tlu     lllo 


r,i\   the  skin   is  tust   ot   a 


11 


incised  (I 


•A  n  the  niid  line 


.111   the   I  Mse  (ii    t 


In-  ne(  k  to  will  on  to 


Hakmouvnamics. 
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the  iilxloiiu'ii  .111(1  is  cjuirkly  dissecti'd  to  both  ^'h\v^ 
rxpiisc  tlic  rib  cartila^ts.  Tin-  latttT  arc  tlu'ii  scp; 
iliidiiiLili  on  both  sicks  l)y  a  boiu'  lorccps  and  finally 


''(ii'iitlv  to 


^nipi) 


d 


.irc  ( 


lit  tlirou^li  bv  a  stont  scalixl  from  iu-low  up 


Art 


)tt  tissni'S 
vr\.\\  liacniorr- 


]\A'^i-  nui>t  \>v  {-(/ntrolK'd  Ity  catching  tin-  bli'i-din^  points  with  a 
li,iiiiio>t.it  and  tyin^,  but  \  cnoiis  oozin.u  can  be  >toppcd  by  appK  in^; 
ilnili-  wnini;  out  with  hot  water. 

Watch   tiic  luart  wliilc  the  va^us  ihtm'  is  bcin^  stimul.itcd. 


,M  (■  -tout  Iiv;aturcs  under  the  superior  and  interior   Ncn.ie  ca\. 


lIHl 


tighten   them  tor  a  few  moments;  -'i 


)te  th 


e  »'mi)t\niji  o 


f  thi 


hi.irt.  Place  a  lii;aturi'  under  tlu'  jiuImonarN-  arter\-  and  tighten 
t. ir  a  moment.  Note  the  effect  on  the  he.irt.  Reinat  with  the 
.I'Tla. 

I    the  hear!   uith  a  ^ttihoscope  applied 


.f-ten   to  the  sound 


din  (  th'  to  \arious  p.irts  of  it  and  study  the  eft'i'ct  produci'd  on 
the  sounds  by  ti^hti'nin^  the  lig.itures  reterred  to  above.  Stop 
ihe  aititici.il  respir.ition  tor 
"1  the  heart. 


few  nionunts  and  note  tlie  beha\iour 


.\ft 


erw.inls 


ll~CI 


excise    tln'   heart   and   open    the   rij;ht    \entrich'   to 
\e  the  contractions  of  thi'  papill.iry  muscles.     Note  that  the 


ln>I  sou 


nd  is  still  heard  in  tlu'  excisid  ht'.irt.     What  conclusion  d 


,Ml 


1  draw  from  this  observation? 


■I 

m 


^  it 
■I 


cnArri'R  viii. 

Experiment  32. 

VASO  MOTOR  NERVES,  DEPRESSOR  NERVE, 
CIRCULATION  TIME. 

(The  General  Instructions  for  the  Insertion  of  the  Cannulae 

and  the  Conduct  of  the  Experiment  are  the  same  as 

in  Experiment  31  . 

1  I'Ki  i-\K\i!..x..i  Ammai.  Wri^lHhrralil.it.  I  njcrt  a  K^ ,', 
s,.l„ti.,n  ..I  <lilnr,.l  ludratr  ,.r  n.  Iiini.  :.  .  .<  .  pir  k^.  hn,\y  %vn«ht. 
Wli.n  tl.r  (  hlnral  .iT.-.  I  Iki-  .1.  a  c1.>I)c.1  'al..Kit  'M)  nunuU'S^  cause"  llu' 
ral.lnt  m  iuhalr  a  liltlr  nlur.  T..  Us  the  hrad  make  an  innsu.n 
tlin.trji  llir  tl...r  -.1  llu  niunth  an.l  with  an  aneurysm  lur.lU- i'>>ss 
;,  .i,,„t  thna.l  llirnuuh  tlu-  iiu  i^lun  and  nut  ul  tlu-  mouth.  'I  u-  the 
tlina.l  tn  tlu'  .n.^<  I'ar  "1  thr  animal  i.oar.l.     Tir  .uit  the  lunl.s. 

2.    1)|M(.N-IU\M      \   \M.(  ON-lUK  TOR    I'lltUl'S    1\    TllK   (    I.KVU  M- 
SvmT'MIH  li«        I  lip  thf  hair  Inmi  the  tiuiit  ol  the  iifck  aii<l  inaki- 
;,    „„,,ii..n    in.i>ion.      R<  t.art    llu     >kin.      Sipatatc'    the    laryn^c-al 
nitis.  K  ^  Ifnni  llu-  >u  rn..-nia>t..i<l  m.  a^  to  fxposc-  tlu'  carotid  slu-ath. 
Kimnin^  %vith  thr  raroti.i  aitrms  will  bf  sci'ii  one  lari;f  and  t\vo 
small  lUTvrs.     Of  tlu'  latter,  one  is  the  cerviral  symi)athetic,  the 
other  the  depressor  ,.>ee  l-ii;.  --til.       Tie  a  pair  of  li^.itures  lo..se!y 
an.und  eaeh  nervi  .*     Now  >t retch  the  ear  on  the  same  side  as  the 
exposed   lUTve  ..n  a  wire  fran-.e  ...  as  to  render  its  vessels    quite 
plain      Stitch  the  ed^is  of  the  ear  to  the  frame.    With  a  good  light 
behind  it,  examine  the  xe>>els  of  the  ear,  carefully  noting    their 
size      Note  .ilso  tlu  .i/e  of  the  pupils.     IMck  up  the  ligatures  around 
on.-  of  the  fine  nervis,  tie  both  ligature,  and  cut  the  nervv  between 
them.     i.o<.k  for  any  effect  on  the  vessels  of  the  ear  and  on  the 
pupiU  during   both   tying  and   cuttiig.     .AppU    electrodes   to   the 

^•T^T.Ku.it.'  confusion  th.'  li.:..Hirfs  should  be  m.irkfd  hv  pi...  nii:  Uull.log 
f„raps  on  tlu-  (m-  .n.ls.  Tlu-  ...rvrs  nu.M  hv  frequently  n...iMrnr,l  uiih  D  '.)  per 
rt'nl.  s.iluu-. 
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,i|.pir  part  of  tin-  cut  ncrvo.  Stiniul.iti-  with  an  iiitfrruiitfil  curroiit 
,,|  nind.r.ili'  strc'iiiith  aii'l  w.itch  the  t-ffcct  on  the  vrssi-ls  and  pui)ils. 
li  IK.  «  hanj^e  occurs,  repeat  with  the  other  nerve.    Tl^-  nerve  which 


KlG.  :;i>.  Ui^scitiiin  (if  niM  k  ol  ral)l)it  to  -ihow  relative  piisition  nf  nerves. 
etc.;  If)  <-.iriiti(l  .irtery;  (hi  vaKU*;  ii  syiiniatlirtk ;  ;(ii)  cariiiac  depressur,  (mi 
.Ifscpjuiinu  lirantli  (it   hypogl'issal  ner\i.'      i.Mtcr  JacksdnK 

I'l-is  definite  effects  is  the  sympathetic.      I-Aplain  the  causes  of 

the  r.^ults.      It  is  often  advis<il)!e  to  intnxliice  the  tracheal   ,  (I 

■  .iiMud  cannuiae,  as  directed  under  par.  'A,  hetore    atttniptinj;  to 
-tiiiiiil.itc  the  ner\es. 


%: 


m^ 


-■w 


S2 


I'.xri  KnnNTAi,  riivsioi.ocY. 


;}.  I)l.M()^■^ll<\ll  iiiK  Kmkct  oi-  Stimilation  or  rm;  \A<.rs 
Ni.RVK  ON  nil.  Akti.kiai.  Bi.ood  Prkssukk.  Introduce  tracheal 
and  rarf)ti(l  caiiniil ac  as  (U-scrihi'd  in  pars.  2,  ;uid  :}  il'-xi).  :il),  and 
ai)i)ly  iUrlnxUs  to  thr  piTiphcral  c-nd  ni  \\u-  \\iy,u<,.  Taki-  about 
an  incli  of  normal  tracing  and  cut  l\n-  vagus  on  one  sidf  whiU'  a 
tracing  is  l^i'iu  taken.  Not.-  any  vl'ivct  on  the  blood  pressure. 
Applv  eleelro(le>  to  the  i)eripheral  end  of  the  cut  va'^us  and  stimu- 
late with  an  induced  current  of  moderate  strength  (just  bearable  to 
the  tip  of  the  tonguei.  Repeat  witli  stimuli  of  varying  strengths. 
Riniove  the  electrodes  to  the  cintral  end  of  the  \  agus  and  repeat 
liu'  ^timi.    ilion. 


Vie  "7  stiimil.ilion  of  the  canliuc  deprefsor  nerve  in  the  rabbit,  allowing 
effect  ...1  .r.leri..!  hi.,,.,!  pre-ure.  In  the  tradng  to  the  rii;ht  the  vagi  were  intact; 
in  tlie  ir.icins  to  the  left  they  were  cut.  Note  the  slower  r.^p.ratory  oscillations, 
after  ciittiiiR  the  nerve. 

In  the  above  exiicriments.  the  drum  should  be  revolving  slowly 
while  the  stimuli  .ire  api)lied,  and  the  moments  at  which  this  is 
done  should  be  indicated  by  short-circuiting  the  time  tracing. 
Explain  the  causes  of  the  results. 

4.  Di.MoNSTkATi;  riiK  l.iiicT  of  Stimilation  ok  thk  Oe- 
I'KissoR  N'kkvk  on  nil.  Bi.ooo  rKicssiKK.  Pick  up  the  ligature 
tied  to  the  central  end  of  the  depressor  ner\  e  i  the  small  nerve 
which  is  not  the  s\  inpathetic),  appK'  electrodes  .md  stimulate. 
A  fall  in  bloixl  i>ressure  should  occur  i  I'ig.  27).  look  lor  slowing 
of  the  heart.  Show  that  the  fall  in  blood  pr.s-uie,  caused  by 
stimulation  of  tlu'  depi'.  ^^or,  is  not  entirely  due  to  retle.x  vagus 
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inhibition,  since  it  persists  after  both  va^i  are  severed.     W  h.it  con- 
,  l„.,„ns  .In  vou  draw  as  to  the  cause  of  the  fali:^      l-i.-ally  stinu.late 
;lu     prripheral    en<ls    of    the   depressor    and    sNinpathetic    n.  rves. 
I  lie  ^vnip.ithetic  stinnihition  sometimes  (|ui(kens  the  heart. 

-,      l-sriMVTl-     TIIK    ('IK(II..\TI()N  TiMK   KOK   THK   I.ISSKR  (    IRCf- 
,  uioN   .Stewart's  meth.uD.     Li^ate  the  caroti.l  an  1   remove  the 
,  ,„mil  I      On  the  same  side  of  the  neck  insert  a  c.mnula  (pointmK' 
,.,u,,r<ls  the  heart)  in  the  jugular  vein    (for  technique  see  par    ».. 
I  xp    U  ,      Kxpose  the  carotid  artery  of  the  opi>osite  side  anc'  place 
under  it  a  ,^trip  of  white  filazed  paper  resting  on  a  p.ec-  oi   tlnn 
,  „l,l,erdam.  Throw  a  strong  light  on  theartcTy.    Connect  the  venous 
,  ,„nula  with  a  burette  containing  a  ().2^'    solution  of  methylene 
l,l,K.  in   physiological   saline  s..lution.   at   the   tern  .-rature  of   the 
l„,dy      See  that  there  is  no  air  in  the  tubing.     When  all  is  ready, 
..move  the  bull-d<^g  forceps  and  mark  the  .  xact  moment  that  the 
,„.  thvlene  blue  enters  the  vein  li.e.,  when  the  methylene  blue  .s 
-, ,  n  through  the  cannula  to  enter  the  vein).    C-arefully  obsc-rve  the 
,  irotid  arterv.    The  moment  at  which  the  blue  appears  m  the  artery 
i-  al«o  noted.'    Rei.eat  several  times,  using  always  the  same  amoimt 
,,t  methylene  blue.     To  obtain  accurate  results  no  methylene  blue 
-.  .hition'should  be  allowed  t<.  escape  on  to  the  wound.    The  results 
Hv  tn  be  given  in  relationship  to  (1)  actual  periods  of  time  and 
•J;  the  heart-beats. 

(i    Drn-RMiNK  THi:  Skat  ok  O.xidation  in  tmk  HoDY.-Inject 
m  excc'.s  of  a  stronger  solution  of  methylene  blue  until  the  animal 
,.  killed  bv  the  injections,  and  make  a  careful  autopsy;  examining 
cMHTiallv  sections  of  the  muscles,  kidneys  and  liver,  also  th     urine 
,l,e  blood  in  the  mesenteric  vessels,  etc.    The  methylene  blue  will 
)„.  f„und  to  have  stained  the  blood  but  not  the  tissues.    The  tissues 
1,  .ve  reduced  it  to  methvlene  white.     This  is  known  as  Khrlich  s 
.  xpcriment  and  it  shows  that  the  tissues  are  the  seat  of  reduction 
Ml   the  body.      Note  the  effect  which  exposure   to  air  has  on   the 
.nluur  of  the  cut  organs.     On  standing  exposed  to  the  air  the  cut 
i,-Mu.  will   become  blue  Urause  of  oxidation   of   the   meth>lene 
N.  hite  1, ,  methylene  blue.     What  conclusions  do  you  <lraw  from  the 
expi  riincnt? 


-II 


1* 

!3 


m 


M 


P^KJli>^..^iMi^l. 


CHAl'TKR    IX.* 

POLYSPHYGMOGRAPH  TRACINGS. 

TIhm'  .■Np.ri.iunt-^  .•..nsi>t  in  ..l.t.uni.m  nr.il)liic  rr...nl>  nf  tlio 
pnU..,  uf  tlu'  r...lial  ,.n.l  .an.ti.l  artrrir..  .,1  the  aprx  IhmI  and  ut  tlu> 
vtiKHi-  piilsi'  ill  ilu'  iuuul.ir  vi'in.t 

Thr  .AiHiiiiunl-.  art-  impnrtanl  not  <.nly  lur.iust-  the  risnlts 
if  pr.MHilv  intrri-r.tr.l  tlin.w  nnuh  HkIu  on  thr  canhn-x  a.nilar 
„Hvhaiii^m,  l.iit  iKciUM'  nt  thr  vahu'  ol"  the-  U'thnH|U.'  m  rhnu-al 
ihi^iK.si^  Th,-  tra(ill!^^  aiv  ..lim  (htticiilt  to  obtain,  and  «rcat 
,.,'rr  an.l  pati.n..'  n.nst  Ik-  i-xon  isi-d  in  adji.stinii  thi-  various  ri- 
<..ivinu  ta.nl.uur>,  rius  is  especially  so  for  the-  ra.i.al  pulse-  and 
.,p,x  Inat  Wluii  tlu'si-  two  cannot  hv  satisfactorily  ohtaiiu-d  to- 
^tther  the  carotid  >h..ul<l  he  substituted  for  the  radial.  'I  he  ob- 
served per^..n  nui>t  remove  his  shirt  and  lie  on  a  couch  or  table. 
S„nutiiues  it  is  best  to  lie  on  the  >ide.  so.uetinies  on  the  back- 
While  car.liac  tracings  are  beint;  taken,  the  bre.itli  >h..uld  be  heUl 
for  a  few  inoiiu'iits. 

Experiment  33. 

\  The  Velocity  of  Transmission  of  the  Pulse  Wave.  Pro- 
pagation of  Pulse  Wavei.-  With  the  arm  easily  extende.l  and 
,,.,in^  on  the  arm  support,  ,.pi)ly  the  butt.m  of  the  receiving  tam- 
iH.ur  over  the  r.idial  arterv  and  a.ljust  the  pnssure  until  .i  maxim.il 
.novement  of  the  recordiuK  lever  is  observ r.l.  T.ikini;  <are  that  the 
,„li.l  t.iinbour  dois  not  sli]),  now  api.ly  the  carotid  tambour  bv 
1,„„1  ,applv  opp<'-'l^'  the  .inv;le  of  the  jaw).  When  a  maxmuil 
p„l.  ition  ..f  b.,th  ol  the  levers  is  obtained,  adjust  the  writing  points 
,.,  ,,  .loNvlv  movinu  clockwork  drum.  The  writinir  pomts  should  be 
.,>  ne.irlv   as   pos>ible   in    the   same   perpi-ndicul.ir,   and   should    be 

•Fur  Ihu  .•xpcriiu.nt.  of  il.i>  cl.a|...T  two  m^mo,,.  -.1  ll.o-  or  lo„r  hour,  each 

""  iNui^^'luul  tr.Kint;>  of  thoc  evporinunl.  .irc-  to  !..•  taken  l-y  .'x.-ry  .nu.nb.r 

<it  till'  •  l.i;^>- 
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,,,„lu<l  in  \hv  <lmm  with  A  miiiiin..!  amunnt  ..t  tn.t...ii.  1  his  is 
,1,„H.  l,y  manipuhitin^  th.  adjusting  sraws  ..n  th.  tanihcur  stands 
uhili-  thf  drum  is  niovinj;  slowly.* 

Whni  the  adjustm.nt  is  completed  the  drum  is  stopped  lor  a 

„„,„unl   so  that  the  two  levers  may  draw  vrrtieal  lines  showmn 

,l,..ir   nlativr   p..sitions   (ali^jnment    marks).      The   drun.   is   then 

,ll,,urd   to   revolvr  at   a   medium   spe»-d   and   the   tracmKS   taken. 

1  h.    spcr.l  should  be  as  ^;reat  as  is  . insistent  with  a  .Idin.te  up- 

-,n.ke   of    thi-   pulse.      Ali^;nnunt    marks   should   be   mscri..e<l   at 

,,,„„,Mt  intervals  (by  stopping  the  <lrum  for  a  moment).     A  time 

s  added  to  the  traeing  with  the  drum  r.-vohuiK  at 


,,rd  I  0.2  see.)  i 


fl«V\^\«\\ 


i-i> 

i-lin 
rli  mil 


Siniultani'iiiis  tnn'iii 
i-  di'i'Tiiiiiii''! 


us   of   larnti 


I  aiul    radi.il    piilsp?.     Tin'  rati-  »f 


l,y  t.iKliiiK  Ui.-    .litL-nncr  b.-t»r-.'ii  t'le   b.xinn.iin 


.rrciiiiin  fiir  aliKTnufiu 


)I  lf\lT- 


ariil  nuMSUiiUKi) 


n  till-  ili-taiKe 


11  ilietinu'tracinu  '\   .'>ot!is  fecciicl.). 


inif 


111. 

\ibr.iiim;  s 


th(   lime  traeniu;. 
.\\\vv  thf  rinio\-.i 


-pfi'd  as  wIuMi  the-  piilst'  t 


racings 


were  bi'ing  t.ikiii. 


pring  providfd  with  a  writini;  i>oint  is 


us 


ed  for  taking 


1  tif  the  traciiig  from  tlu'  dru 


m, 


th 


f  distanrt-  o 


f 


tie 


beuiiniiiig  of  the  upstroke  is  nua- 


ired  from  its  alignment  mart 


or  (  ich  pulse  rurxe 


'!■ 


"^ 


■>S' 


The  dilfei-eiH  e.  interprc 


te<l 


u 


of  1' 


troni  tl 


imie  t raring,  g 


'IM'S 


the  rate  .it  w  hii  h  the  pulse  wa\f  trave 


m  terms 


Is 


irotid  to  tlie 


(li.i!  artery. 


Note  also  the  dicrotic  notch 


111-  i~   inon' 


..iti- 


f.utorv  tli.in  ancniiitini:;  tn  .ulin-t    Id  ,i 


Im(  ,ul^^■  friction  i>  ilimmi 
!  h.it  the  taiiihourb  arc  so 


slu'il.      I?i-fnrc  blartiiii;  tl 


st.it mnary  driiin 


!iiiwiv«r,  inakc  certain 


ailju.-;! 


a-  t(i  Ktve  the  u'rcatfst  jxismI 


lov(•Illl•nt^ 


^£^t 


Ml 


|.\ri   KIMIMM.    l'll\~l(>I<l(.N 


,,„,  ,„.,..„,.■  its  -li^t..:,..  from  ihr  lu^inninv;  -I  th.  .M.>tr..kc. 
Sc.vn..l  Mu-,.M>nn>nU.  ^l.nuM  U  takn.  tn.n.  ..u  h  nun.  k  r  ...  aa- 
;.n.nn      1 1.. A   -an  xW  Iniv^tl,  of  tlu^  pnlsr  wavf  he  ral.nlatr.l. 

|„tlu.  .non-  or  l.>s  arl-itrarv  Uu.nn;;  of  llu-  uav..  ohMTS.-.l  .n 
pulM-  Ira.  n,.s,  tl,..  n.ain  npstn.ko  is  n.ark..!  :i.  in  11...  a.,  .-t  ^  n- 
;,.„„,,  ,,„.,  4  i„  ,l,at  of  tl..-  ra.lial;  tlu^  .li.n.tic  m.td,  of  th.  .an,  ul 
i.  :,  ,.n.i  ol  tlu  ra.lial  0.  Tin.  .listan..s  W'<^v..n  :i  an.l  -.  a...l  Ik'- 
tu..-,.  1  an.l  ..  mm'^-t  r.s,H-.. iv.lv  tlu  time  .Inrn^K  Nvh..h  tlu- 
luart  i^  l.nn.pin.^  I.I..0.I  int..  th.  artcric's.  i  .•..  tl...  >.nnlnnar  valves 
.„,.  u,,ri..     It  i~  .-..U.'!  tl..-  sfhy^mu-  pcrwd  ,..    prrwa  I:. 

B.  The  Venous  or  Jugular  Pulse  Curve,     llav.  tlu..l.M  n.d 

„.,.,„,  li.-  .I..V..  vvitl'  !'•-  l"-'l  --li^l'"^   '•''^'■''  ''>•  ^'  '"^'^""V"!"'  '7^ 
l„,h..riul.tM.U-.     iMa..tlu.r.-..u..    ■.l-.i-tl    tmuulM.v.rtlu.jn.nlar 

,,„„,.,„„,..  r.,h,>i.l.-  of  th.n..k.     Tin.  li.:^  nnnu.l.atdv  a  ...vc■ 
,h,  n„ur..ulof  tlu-.lavi.l.-.     Urin.,  tlu-  i....nt  ..I  tlu-  Uw.  of  tin 
n...,r.linu  tan.l-.nu-  .0  w.i..-  with  a  n.inin.al  amonnt  ..t  fn.  tmn  .m 
,  .inun.'   Sin.v  a  v.-.u-n^  puIm-  tracing  rannot  W  .nt.r,.a-t.<l  w.th- 
out  a  .imnltan.-on>  tra.  in,  fn.n.  an  art.rv,  a.liu>t  tin-  button  .^  a 
n.r.ivinv  •an.l...ur  ..v.r  tlu^  ra.lial  art.ry  an.l  arranK^  tlu-  wr.tn.K' 
.,vK.  of  its  rr.-..r.lin,  tamb.n.r  so  a>  to  writ,  on  tlu-  .irum  m  tin- 
sanu-  ,H-rpnulic-nlar  as  tlu-  style-  of  the-  v.nous  taml...ur.      H  n.. 
satisfact..rv  tra.in,  ran  W  s.ruml  from  th.  radial,  try  th.  can,  ... 
R.nu-ml.fr  to  inscriho  aliK-mu-nt  marks  at  short  mt.rvals.     Wh.le 
tlu-  tnuin«  is  iH-in,  takc-t.  it  is  usually  advisable  that  the-  respiratory 
m.ivt-nu-nts  be-  suspi-nde-d.  •     ,  1 

To  iNri.KfK.T  rtti:  Vkn.us  C-fRVt-.-Make  a  ve-rtual  mark 
.„,  thr  arterial  in.lse-  tracing'  e-..rrcsp..n.lin«  to  the  be^mnmR  of 
the  pulse-  upstn.ke-.  If  this  is  eU.ne  on  the  radial  pulse  tracing, 
measure  I  U)  sec.  in  fn.nt  of  it  and  make  another  vertical  mark. 
(This  mark  is  t..  alh.w  for  the  time  lost  in  propagation  of  pulse  from 
he-art  t..  nulial.     It  is  det.-rmined  according  to  Kxp.  A). 

Thi-^  line-  W  e-orre->p.,n.ls  t..  the  beginning  of  the  sphygmic  period 
<,1  ventricular  sv>t..le-,  i.e..  t..  the  .Mu-ning  ..f  the  semi-lunar  valve-s. 
Me-asure  the  distance  fn,m  line  W  t..  the  ne-are>t  alignment  mark. 
Hv  measuring  .-tf  the  same  .li^tance  fn-m  the  cornsp..nding  align- 
ment mark  .,f  the  v.n.,us  tracing  li.ie  W  will  be  f.mn.l  t..  tall  at  the 
luginning  o,'  a  sm.iU  wave-  whi.  h  .>  marke-.l  c.  The  small  wave  in 
ln',nt  .,1  '   I-  m.uke.l  a  .m.l  is  due  t.,  auricular  ^yst..le.      1  he  lai  ^e 
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uram  .1  wl.icl.  tluv  an-  luarcl.  Tlu-  miu.uI  oharp.  s.-inul  tan  .e 
h.ar.l  Ust  ,.^»■r  thf  Mrrnal  end  of  tin-  stvoml  ril.  on  xhv  r.^ht  suK-. 
Influence  of  Respiratory  Movements  on  the  Various  Pulse 
Tracings.  Ai.ply  tht-  respiratory  tula-  to  tin-  thorax  ami  conm-ct 
with  a  r.ronliMK  taml.<...r.  Also  arrauRi-  f.  take  a  tr  .( in^;  ol  one 
„r  the  otlur  of  the  pulses,  or  of  the  heart  Uat.  Reeonl  s.multan- 
foustrarinnsol  the  resi.iratory  inovenieiils  and  of  the  pulse.  N-jte 
the  elfe.t   of  insi.iratiou  and  exi.irati.m  resiK,  t.vely  on  the  pulse 

curves. 
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SHCTION    III. 
THE  CENTRAL  NERVOUS  SYSTEM. 

CHArTFK    X. 
REFLEX  ACTION  IN  THE  FROG. 
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I  AIM   kIMI   \  I  \l.     I'll\  >I()I,()(,V, 


(liiil  ri-;)ii.ii,,i  \  mii-.(li>  '(liapliraicm  1.  Tliis  so-ciIKd  si'iNAl. 
.\\i\i\i,  c.lld-.  ,1  uh<>\  suit.ililf  prii),ir,iti<.ii  for  tlic  >tii(l\  <it'  nticx 
■'I'i^i'i'--  lumudi.itcK-  follow  iniL;  its  isol.ition  from  tin-  lirain  the 
cord  I  iil(  r-  into  ,1  (|t|>r(-M(l  coiHlitiim  cilkd  M'INAI,  mkmk.  Tliis 
is  (|iii(kl\  ii(o\.r(iI  Iroiii  iti  the  lowrr  .iiiiiii.i!--,  imt  ni.iv  take 
monlli-  to  i|i~  ippcir  in  ilic  lii^ht-r. 

Experiment  34.  I'ith  .i  froi;,  .lotroyin-  the  lir.iiii  oiilv  aiid  siis- 
l»'i'l  'li«  iniiii.il  liy  lixiii;^  the  1o\v<t  j.iw  to  ,i  el. imp  i  I'iu,  2(t!. 
AppK  niri  li.iiiii  ,il  tlimuli  1f\  piiK  liiiii;  to  llic  -kin  of  \  arioiis 
n  i^ioii-  ami  Hole  iIp-  IcKalimi  ami  rharacttr  of  the  n>i>onsi'. 
(omiiuiKc  ilu-  ai>j)li(  aiioii  of  ihc  -limiili  iminf(liat(!\-  after 
iliccn  liraiioii  and  o!-.  r\  i  li\  njHatini^  at  interval-  \JietluT 
ilie\  impioxe  u  itli  linie.  Il  llie\  do  -o.  \\  hat  i-  \oiir  (■on(lii>ioii  ? 
I'roi  eid  now  lo  demonstrate  the  duration  of  the  lutrfit  period  or 
rcjlrx  linir  ii-m:^  a-  t  he  -I  innihi-  a  H.  i  ptr  eent.  -olution  of  H.jS( ),,. 
Mt  a-m'e  ai  (  nralely  the  lime  w  hi(  h  elapx-  jietwcen  placing;  the 
l""l  in  the  acid  and  the  nioxemenl  of  the  K-^.  Remove  all 
".I''-  "I  •»' id  Ironi  llie  -kin  li\  means  of  water.  Make  three 
c  h-eivalion-  with  the  -ame  ,-treni;th  of  aeid  u-inu  the  two  feet 
alltinaliiv  and  allowiniL;  -ome  time  -everal  miniite>;  to  elaj)se 
1"  Iween  the  -t  imiilat  ions.  Repiat  the  ol)ser\  ations  ii-inc  0.3 
per  cent.  acid.  .\re  anv  ditferences  in  latent  juriod  and  iii- 
tensilv  ot  re-pon-e  oliservtd,  depeiidim;  on  tlie  -treiij.;th  of 
stimnliis^-' 

Jt   i>  likelv,  w  ith   llie  >tron,i;  stimuli  emplovid  v.:   the  .iliove 
(  \periment-,  that  -ome  spread  or  irradiation)  w  ill  hax'e  occurred 
in   the  cord,  so  ih.ii    the  ojjpo-ite  hind   liml>  or  tin-  fore  I;:rlis 
sliow    movement-.      How    is  this  explained.^ 
Experiment  35.       To    inv(-tii;ate    the    "m.irch"    of    the    irradia- 
tion  more  prtcisely  and   to  demonstrate  th.it  the  isolated  cord 
i>  (ai),il)le  ot   ^\  ntln'si-ini;  a  complicated   and   api)areiUly  pur- 
po-elul  i.;roup  of  movements  saturate  a  piece  of  filter  paper  in 
'M)  per  cent,  acetic  aaid,  remove  the  excess  of  acid  and  place  a 
-mail    ^-(juare  ot    this   p.ijur  on   one  of   the   tlaiiks  of   the   frog. 
.Xlttr  noiim;   the  i  harac  ter  of  the  movements,  wash  away  the 
ac  id  and  n  peat,  holding  the  le^  on  the  irritated  side. 
The  Spreading  of  ReSexes  i?-.  ih<  loni  is  Kieatlv  f.ieiiiiaied  by 
Ptrvchnine,  but   the   movements  arc  not  ni  the  s.mie  "  purpobcfiil " 
ch.ir.u  ter  a-    tho-e    iu-t    -tudieci. 
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Vh,.  -".I.     DfiPrebrute  fr"K  susiK-mi'-'l  t»'  studying  reflex  aition. 


■■  . 

i:' 

O'J  I'.M'I.RIMIATAI.    Tll'i --lol  <M.V. 

Experiment  36.  Inject  a  feu  drops  (if  a  0..")  ]Hr  Cfiit.  solution  rf 
stiy(  Inline  sulphate  in'o  the  dorsal  1\  niph  sac  of  the  fro'^.  Apply 
weak  '-linnili  at  intir\als  to  the  skin  of  different  i)arts  of  the 
l)o{ly  and  iiott'  the  exact  nature  of  the  responses.  Kxplain  the 
ai  tion  of  tlie  strychnine. 
Inhibition   of   Reflexes.      Retlex  a(  li\ities   nia\    lie   inhiiiited 

eitlier  through  alien  nt  ner\(S  or  from  the  higher  centres. 


IrMlilli; 


Experiment  37.  lApo>e  the  xialic  ntr\e  in  the  lett  thii;li.  .  le 
a  li;^atine  alioul  the  nerve  near  the  knee  and  i  nt  the  ntTve 
di-t.il  to  tile  ligature.  Immerse  the  riiL;ht  Uy.  of  the  fro^;  in 
n..")'  ,  vnlphnii(  ,i(  id  an<!  note  the  latent  period  for  rellex  at  tiou. 
InnnediattK  w.i-h  otf  the  acid.  After  three  niiniiti'-  place 
tle(  trodo  on  the  i\]Mw((i  xiatic  ner\c  and  a>^  the  li^ht  foot  is 
.iv;ain  imnu'rsed  in  the  acid,  stimulate  the  iier\c  with  a  weak 
tet.mi/in^  current.     iVox  r  ijiat  the  sen>or\  endini;>  in  the  skin 


ire  still  irritable  1a    the  .n  id.      llxplain  the  inhil(iti( 


m. 
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lu    -liDW    th.it    rrtlfXf.    (.111    Ik-    inliiliitrd    \>y    intiiuiHc-    tr<>in 

hlulur  i<  iitn-s,   pi. ice  a   crN^t.il  of  s.ilt    nii    the  ojHir   lulu.-,  which 

h,i\r  lucn  txpoMil  in  .i  li\i-  fro^  l.\-  (iiiii  kl\-  ciHtiii'^  i>tt'  the  ,iiitiri<>r 

pnrtiiiii  i)f  the  Iu'.hI  ju>t   Ixhiml  the  t\iiip.ini  witli  hciw  ^ri-.-'irs 

I'ii;.  :^0'.      Nuw  ,iltrini)t  t'l  flicit  rrlli\t~  \>y  the  iiK  thnd-,  (|(-~(  i  ilnd 


THE   FUNCTION    OF    THE    SPINAL   NERVE    ROOTS. 

Experiment  38.  I'itli  the  hr.iinol  .i  l.ni;*- Iroijand  f.i-tfii  it  vfiitr.il 
>i.lc  down.  SHt  and  f\irt  ihi-  skin  u\  i  r  iht'  last  fmir  xcrli'l.ia*-; 
rciiiiivf  till'  imisilis  from  the  vtTtthr.il  antus  .md  thin  op«n 
the  spin.il  i.mal  liy  niiMiis  of  ,i  >tron.;;  siissors,  kttpini;  thcin 
close  to  thf  bom'.  Incovcr  thnv  or  four  sots  of  roots.  I'.iss  .i 
silk  ligature  under  a  dors.il  root  a-  far  out  as  possible.  Tie  .md 
rut  distal  to  the  ligature.  Stimulate  the  centr.il  end  of  the  root. 
Tie  a  ligature  under  .mother  dors.il  root  elose  to  the  cord  and 
cut  the  root  central  to  it.  Now  stimul.ite  distal  to  the  ligature. 
In  liki-  maiuier  test  the  function  of  the  \entral  roots.  In  this 
experiment  the  unipolar  method  of  stimulation  will  be  found 
best  because  of  the  shortness  of  the  spinal  roots.  The  plate 
electnxle,  attached  by  a  wire  to  the  s«.-condary  coil  is  pl.iced 
in  contact  with  the  belly  of  the  frog.  The  other  wire  is  con- 
nected with  a  dissectini'  needle  which  then  serves  as  tin-  more 
active  electrode  to  stimulate  tin-  lurve  roots.  Note  the  nature 
of  the  movements  pnMluced  in  tht-  aiiove  e\i)eriments  .md  dr.iw 
a  di.igr.im  showing  the  functions  ot  the  root>. 


N 


THE  FUNCTIONS  OF  THE  CEREBRUM  IN  THE  FROG. 

Interesting  obser\  atioiis  (.in  be  iri.ide  on  .i  decerebr.ite  !rog. 
hut  it  must  be  renu'mbered  th.it  they  do  not  shed  nu<(  h  light  on 
the  functions  of  the  cerebrum  in  the  higher  m.imm.ils  bei  ,iuse  in 
these  the  cerelir.ii  reiiire^  .ire  rel.itiv(  ly  f.ir  more  import. mt  .md 
t),irll(  ip.ite  in  m.uiy  reflex  .k  ti\ilies  in  which  the  spin.il  cord  .done 
i^  iii\(il\ed  in  lowir  .inim.il>. 
Experiment  39.     Activities  of  a  Decerebrate  Frog.     Aiuic^tiie- 

ti/e  a  frog  by  placing  it  under  .i  beaker  together  with  a  piece 
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of  alisorlivnt  (uttdii  roiitaiiiing  itlur.  Slit  and  ri-tract  tin-  skin 
()\tr  t!ic  >kiill  and  rcmovt-  a  IriaiiKul-"'  I>ii'<»'  <'f  tlic  I.ittiT  so  as 
to  expose  tlie  ( creliriini.  The  base  of  the  triaiiKlf  should  be 
on  a  line  connec  tint;  tiie  posterior  border  of  the  tympanic 
membranes  and  shonld  bt'  about  a  centimeter  wide.  Avoid 
injurx  to  the  brain  beneath  until  the  cerebrum  is  (dnil)letely 
i\l)oseil.  tlun  (arefully  remo\e  the  latter  and  \)\u^  the  cavity 
looM'ly  with  cotton.  Sew  the  skin  in  place  and  keej)  the  animal 
where  the  >kin  will  remain  moi>t  until  the  next  day.  'I  his 
(an  lie  done  by  plac  in^  the  fro^with  a  little  \\.iter  in  an  ewiporat- 
in^  disli  and  covering  all  with  a  Lir^e  funnel  or  soinethiuK  which 
will  prtAcnt  escape,  but  at  the  same  time  allow  access  of  plenty 
of  air. 

Alter  21  hours  stu(i\  the  behaviour  of  tin-  (K.":>l)rate 
animal  compared  with  a  normal  fro^,  n(l;ic!:•.^  especially: 
p(:>tun',  abilitN  to  swim  .)r  hoi),  powi'f  of  escapint;  from  a  \t>^el 
of  water  ^radualK'  lu-att'd,  .d)ilit\  to  turn  over  when  placed  on 
tlu'  ba(k. 

A^ain  open  the  cranial  c.i\ity,  without  anai-sthesia  as  there 
c.ui  be  no  seiisi'  oi  !)ain,aiid  distrov  the  corpora  striata  and 
optic  thalami.  .\ftiT  recovers  from  shock  observe  the  activities 
as  before.  I'inally  destroy  the  rest  of  the  brain  and  notice  any 
chan^i'  in  behaxiour. 


CHAPTHR    XI, 


REFLEX  ACTION  IN  MAN. 


TluTf  are  in  i^cniT.il  three  tyixs  (if  reflexes  eli(  it.ilile  in  man  and 
the  hii;her  mammals.  These  are:  1.  Tlu'  reflex  iiKiNcmeiits  pro- 
(liued  by  the  apphratioii  of  hiirttiil  or  iiuciiciis  stiimili  to  the  skin 
'  iioi  it  efHive  retle.\vs\.  2.  1  he  rellexis  re(|uire(i  to  in.iintaiii  the 
j. lints  in  snch  a  position  that  the  aniin.il  m.iy  sl.ind  eri(  t  ami  nio\e 
aliout  '  fxistural  rrjU'xesK  ;<.  S)-(m11i'(|  niyotutii  rrjlcxrs  wliiih  arc 
contrartioiis  pnKhiced  l)y  direct  nieciianical  sliinnlation  ot  muscles 
tiiat  hdw  been  brought  into  a  hyperexcilahle  condition  ih\[Kr- 
tnnus)  through  reflex  .iction. 

An  example  of  nociceptive  retlexes  is  the  llexion  retlex  already 
>tudied  in  the  spinal  froi;.  In  man  this  type  of  reflex,  \,irionsly 
modified  according  to  the  part  ot  thi'  l)od\"  frcnn  which  it  is  I'lici- 
tt(l,  is  extc;isively  employed  in  the  diaKiiosis  of  nerNons  di>eas<s. 
The  particular  value  of  the  retlex  is  that  its  presence  or  ahsenct' 
itidic.itis  the  condition  of  the  retlex  pathway  at  the  \.irious  le\tls. 
1  or  the  study  of  reflex  time  it  is  useful  to  employ  the  palpeln.il 
retlex,  but  in  doing  so  it  must  be  remt'ml)ered  that  there  are  st  veral 
fundamental  differences  betrween  this  and  the  (lexion  retlex,  such 
IS  the  relationship  between  strength  of  stimulus  and  latent  time  as 
well  as  intensity  of  response. 

Experiment  40.—  Hy  means  of  a  strij)  of  a(lhesi\c  ta|M-  attach  a 
thre.ul  to  the  upfxr  eyelid.  Pass  the  thread  through  the  hanrlle 
of  scissors  which  have  been  dampi'd  to  a  staixl  to  serve  as  a 
pulley.  Attach  the  thread  to  a  heart  le\ei.  The  head  should 
be  held  firmly  in  such  a  position  that  when  the  upjur  eyelid 
is  closed  the  writing  point  of  the  lever  moves  upward.  To  elicit 
the  reflex  the  subject  presses  a  pair  of  electrodes  against  the 
lower  lid.  The  operator  stimulates  the  subject  with  break 
shocksonly,  using  a  current  which  is  just  strong  enough  to  caii.se 
the  upper  lid  to  m(jve.  The  subject  must  not  see  the  operator 
at  work.  With  the  aid  of  a  magnetic  signal  determine  the  reflex 
time  on  a  rapid  clock-work  drum.    Calculate  the  a\ erage  reflex 
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tunr  Inmi  ,i  iniinNcr  ..f  (.l>Mrvati<.ns  ,,n  \\n-  -im.- 

i,„livi<lu;.l  <.f  tlic  iM.r  sli.ml.i  s.tvc  .is  sul.jirt. 

•1  l,..r..  is  nn  .x.uni.lr  of  a  ,. natural  niKx  whirh  <  .in  rony  r.HUl  V 
be.  M.nlu.l  >n  tin-  fro,  or  nun.  ,  Tlu.  cxt.nsur  thn,>t  and  tlu-  n.ark- 
,i,n..   nll.x.s   ^siT   p.    21SJ   ..f    the   .pinal    manunal   w,ll   >.rvr   th,. 

''•"'nu'n.vutatir  r.tl.M  .  arr  l.r.t  illu-rat.-.l  in  tho  KNK.:  JIKK. 


l-u.     (1.     Arr 


,,uv;rmont  of  afraratus  tor  ,„ea-lir.-n,._-ni  of  r.-.tamu  ti"H-  n>  "'an. 


Experiment  41.  l..t  tlu'  subjrrl  sit  in  a  cmfortabk'  iJ<.s.ti..n  with 
o,u-  Kg  crossed  over  the  <.ther  so  that  the  patellar  huament  is 
under  an  increased  tension.  The  operator  strikes  the  patellar 
liuunent  a  ^harp  blow  with  the  edge  of  his  hand  or  a  book. 
With  a  little  practice  it  is  easy  to  elicit  a  sudden  contraction 
of  the  (luadriceps  muscle  giving  a  sudden  extension  of  the  leg. 
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'I"lii>  >h(.iilil  l>c  Irii<l  nil  ,1  numlK-r  <<\  su\>']v(\>.  Aflt-r  uli>«T\iii« 
tin-  txttii>i<i!i  ill  f.iili  Milpi<(  t.  tr\  tin-  itlr(  I  <.f  Kl  lNH)i;>  IMI M 
l.\-   tllf   fnlldwill^   llUtllixU 

1.  (  lull  liiiiK  till-  h. 111(1-  tc.^t  tlur  v  iv;i>rnii-l\  . 

2.  Stroll^.'  >iri>iir\  -.tiimil.ilinii  -in  li  .is  pulling  l'"'  li.iir. 
'A.   Miiit.il  itlori  .1-  -nUiii^  .1  prnM.in 

Tlic  maiLiiiitiidr  ot  tlu'  rt>|>(iii>f  Minis  t.>  iUjmikI  mi  the  ti'iu- 
(if  the  iiiiix  If. 

I'diU'  (li|HMi(l-  ell  till'  ((.iKlilicii  (it  the  iiiT\(>ii>  -\-t(  in.  llicritdrf 
thf  kiuf  jtTk  is  .III  iiiipdrt.iiit  iihmii>  oI  .i-n-rt. lining  iirl.iiii  i>.illid- 
ldi;ic,il  i  (iiidiiidiis  df  tllf  (iiitral  iktvous  s\stfin. 

REACTION  TIME  IN  MAN. 

Akin  td  ritltx  l.itcnt  time  is  tlu'  -o-cillcil  ki- \(  ru)\  ri\ii   in  in. in. 

ih.it  i-  tin-  tinif  wliich  t  l.ipso  iHtwitn  the  .iiiplic.ition  df  .i  -timiilii> 

.111(1  .1  pre. irr. 111^1(1  \(ilunt.ir\  ri'.u  tion. 

Experiment  42.  In  tliis  i'\]HTinifnt  tlic  .ipp.tr.ilns  i;.  set  lip  .1-  in 
I'i^.  :U.  W  itli  thf  djHT.itor's  kt\  A  oihii.  and  tlif  Mihjtct'-  kt\ 
M  clcisfd.  tin-  diK-rator  i  ldst>.  .nid  the  suhjcc  t  (i|H'ns  H  wlitii- 
cvcr  lif  ll^.•l^  tin-  stinuilns.  Tlu'  simi.il  cdmui  tfd  with  tluk«\- 
writis  dii  .1  (|iii(kl\  rr\()l\  iii^;  drum  (Hi  w  hit  li  a  time  tr.irini;  in 
KHHlis  of  .1  sfCdiid  is  .ilx)  iiiscrilifd.  Iktcriniiic  thf  .ixtr.i^f 
rcirtion  tiinf.  NdW  iiuTf.iM'  thf  r-tinuiliis  tn  find  wlutlur  tin- 
rf.u-tidii  tiinf  ihaiiKfs.  Wh.it  arf  tin-  .iddition.il  f.iit(ir>  in- 
\()lvfd  in  rf.iction  tinif  as  cdniii.irfd  \vith  rt-tlfx  time'  lldu  do 
dilffrfnt  siihjfcts  \ary.-' 
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RESPIRATION. 


CIIAPTI'K    \II. 
ANALYSIS  OF  AIR  AND  COLLECTION  OF  ALVEOLAR  AIR. 

Experiment   43.      In    < 'ukIih  lim:    (Apt  tiiiKni-    invoUniL;    llii-    u-f 

nl   i;,l-  ,m,ll\-i-  ,11111.11, llll-   lilt     UK  .lit  -I    <.ir(     TllU-l    l>f  lAcn  i-i<l    to 

.i\r,i(l  -iMllini;  ■'!   iiKirmx,  d    I'luliim  i  il   liic  luin-itt-^  or  inhiiiv; 
u  itii  I  \\v  .ili-iiiliinv;  -nliilioii^. 

Ilif  .m,il\>i>  mii>t  !)«•  n|HMti-.|  until  t(.ii-t,iiU  ri-iilt>  .ir«- oh- 

t.lilK  il, 

'riic  .ii.p.uMiii-  1,111  Ik-  m^-kI  tor  the  ,iii.il\-i>  of  .lir  tmin  wh.it- 
(\ti  -oiirif  il  iii,i\  he  (l(ri\r<l,  l>ul  tor  pr.icticr  il  i-  Ix-t  to  iim- 
,,U.<i!.ir  .lir  o|ii,iiiu(|  l.\    llu-  method  dc^crilnd  on  p.    |(ll. 

.\ii,il\-i-  tor  o\\K>ii  -lioiilil  !''■  .iiti  iiiplt'l  oiiK  .itliT  -tAtr.il 
-.mipK-  li.i\f  \'vv\\  .m.il\M(l  tor  (  (  ».■  .iloiii-  with  >ati-f,i(tory 
n-    !i>. 

(J.Ihiui-  -I'll-  till"'  d-  li>  till'  low.-t  vir.Hlii.ilMm  on  ilir  ii.tirow  |.<>iiinii.  The 
iipii.riiiii>i  ^;r.iillMli<)iio'rr.-.i-iiiil-'  to  -'  .'  '  .  irnm  i  mc  I., wot,  tin-  iji^l.iiK.-  1><- 
iwr.iillutwo  l-fiiiv;  'li\i<ltil  iiil"  '  t  ■  •""1  I  .Vltli- (  ..  .  rill- Lull.  I'.T'  "'  '''<■ 
Ml  111  lojiiM  ,ili(,\,- ill.  •_'._*  .■(  ,  iii.irk  1- Miir.iunil<'.llp\  .i  w.iI.t  j,i.  k.'l.  AIhim- 
;li.  -i.litulx  I  iluliuntl.i~oiiitinu.-.liiito.in.irr.iw  Uir.-.l  I  iil.i- \Mlli  t  w.i.irms 
at  rl'.;lil  ,,nv;l«-  I.m-.i.Ii  ..lli.i.  Ili.-f  .ir.-  c  .,iim.  Ii-.l  1>\  tin.  U  u.ill.il  |uir.-i;imi 
tiiLiiii^,  uilh  ill.  .il.-.irpli..li  Lull.-  iC  .111.1  l>  ...111.1111111^;  r.-l.<<l  imIv  .i  2*)  '.,vr 
, ,  ,11  -..Intl.. II  .it  N.i<  >il  .mil  .1  '■'<'  I'f"  '  'I"  x'luli.in  ot  K(  »ll  witli  !<•  ixr  .  .lit. 
|.\ii.t;,illi.   .1.  1.1  .11— oK.'.l  ill  it* 

:  .,,  li  Lull.  I-  .  .mil.-.  U-.l  h.l..w  1>\    riil.l..  r  lul.iim  with  tlic  ..\irll..\v  l.ull.s 

,,  ,,,,,1   II         A  -ni.ill  l.iill.  1-  l.l.iwii  .'II  till-  -■"■111  "I  '.I'll  .il»<>r|.ti.)ii  Lull,  to 
„  ,\,    ,,,  .,  II., |.  I  r.  v.ininu  ili.-  -..jluii.ni-  tinni  |.,i— mi;  .)\ir  into  thr  tniri-tH'. 

■|1„.  \,iii,.il  n:l  .    ..l...\.'  tin   .I..--  tul'i-  1-  .l.'-<-.l  1,\    till-   prf—iirc   .i.iju>tiT, 

•N.il  111  iii.iN  1..  -ul.-tilul..l  I..1  !<<  >!l,  I'iil  it  i-  not  -o  ...ti-l  1.  t.'r>  Imciiim'  of 
II-  \iM..-il\  111.'  I'l-i  ~oluii..n  I-  111,1. if  l'>  .li--oKmi;  i'lm-  .N.i<>ll  il.<  tmlytic, 
,1  ,«,-il.l.-  Ill  ,,n  ..|n,il  l.iilk  ..I  w.itiT.  .Iiliitiii^;  1(1  (■..'.ot  ihi-\Mth  4  r..-.  w.itt-r,  .md 
thru  .il^^o^  iiic   HI  i;iii.  pv  lo,;,illu-  .i.i.l  ill  il. 

Its 


Al  \  I  III  \K     \lk 


••'t 


«Im.  I,  .  .  -IMM,  ,-  -h..vMi  n>  111.  MP, ill  M.I.  -k.  I,  h  ,1.  Ilu  .|MUt,.ni.  ..I  .,  k;l..-  -M,| 
l,.,,.ll,,|,„  ,,n.'  .M,|,.n.M...r  .|.ln«„!h.  ,,,„,. m  .  „Ium  ..l-Mt  .Inun  l>..,n 
,1,.  1,,^. II,. I.M.I,  .vlun   ,.l..t.,.,lh..l..,l-.,..l        ll„„.l,u-..r....nn.,,..Unh 

,1, ,,.,llulM-..Ml..l.u,.M.I.N  |,u,.    cn,u.ul.uu..nl.  «h.ntln-  ,-,"".l...l 

„,,,,,.,-,Mt.- tl,.- M.I.   .„!..■.  Ih.l.u. .-.I.   .-I.P.u.hi  .n. ,„„>.. n..  ...,...1NU' I.  'h, 

,.,„..|.-..n,l.l„    |.,.-M,r..  n,  ,.  r.MM,„-nn.hM,„l...l.n.,ll...v..V.lM    ...l:,,.- 

I, ,11  !,.,.  k  inin  |.l.i.  .  "\'  r  il"'  -i'''   '"'" 

I  111    liiw.r    .11.1    III    ill'- 
l.iiri  It.-  I'l  'Mill.  .  I.  .1 1'\  lliii  k 
w.illi  .1  lul.mv;  Willi  llii-  I.  M-r 
v..ir    H  ,  .iiiil  I'll  '111-  liil'iiik; 
.11,  .1  I'lni  111  ,',  k    -■'     iii'l  M  "  ^^ 
,  lip    ■  \    .       .\Im.III      l.'i    ,    I       "I 
iiiir,  iir\     siit'tit  I-    I.I    till    it"- 
.il.I..ii,ilii-  111''    ri-iiMiir 

i-  liiiiii;  I'V  ,1  liii'l'  "I  «ir'' 
.ii,.uii,l  ill,-  11"  k  l.M  ll,"lk- 
|i|.iii-il  I'll  .1  \mmmIi  n  ii|iri^;lu 
-I. mil.  ill.-  hiv;tu-r  ..m-  Ixin^; 
in  -.111  h  .1  |M)sitiiin  iiii.irktil  1 1 
lli.il  till-  mi-n  iir>  --I.miU  ai 
till-  (iiil  (if  till-  -ill"'  III'"'  '■• 
anil    ihi'  iow.-r  unc,  ><>  lliat   it 

-i.iniU  t-xaitly  .il   thi-   m.irk 

(  )  un  till-  tiurillf 

'I'hc   t'ir>t    step    is    to 

till  thf    tuliini;  lutwitii 

thf    si(U-    tiilii-.    I-",    .111(1 

tin-     aliM'ri)ti(iii     Imllis 

witli  nitri>i;i'ii.       riii>  i> 

.11 1  ('ini)li>!n-(i  1>\  t.ikiiiv; 

.1  ^.iinjiK-  "t    .lir  in    thf 

liurittf      li>  iiH-iiiiiv; 

M-n  \v    (li])     1.     pl'uiiiK 


I- 1.,  -i."     i.-'-  .iii.ii^ -1-  .ii'i'-.i-,' 

,. Iitt-\! 


l-,,r  .!•  -.  ni.IH.n 


tin-  iru-niir\  riMTvnir  in  iM.-itimi  II.  .m-l  with  tin-  -( n-w 
clip  '4  I  I'lKMi.  ciutii'ii-lv  nptiiiiiv;  tin-  piiuh<"<l<  ■">  ■  -'»  th.it  .iir 
i-nti-r>  tlH'  liurittr.  s,  r.-u  dip  2  i-^  tli.ii  u|Hiu(i  .iml  th.-  hmt- 
\nir  I  B>  r.ii-i'd  to  ixi-itmn  I.  liy  ..iiitiuu-ly  ..iHiiiiiv;  pimlu-M  k. 
.-..  tlK'airp.i^>c>iMt<.C.  With  .')  hi  1.1  ..p«ii  the  rrv.rvnir  is  r.iiM-d 
and  lowrml  scvi-nil  ti!iu->  >n  th.it  ..II  ir.ic-  .-t  CO,  .iri-  rinii.vt-d 
fri'iu  thf  .lir.  With  tin-  piiirhioik  ■'>  (ii.-fl.  ihr  itMiv.-ir 
i>  tlu-ii  i.ut  ill  position  II  and  the  piiuhinrk  .  .lutiuii-ly  n|M-ni'(i 
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mill!  ilu  \.i<i|l  -i.imN  .11  itu  iii.itk  </  mi  llif  -li  in  "-■i  u  \v 
<  liji  '_'  1-  iimw  <  !"-i  il  iml  .i  M|)i  in(|.  ,inil  tin  ip\\\;<ii  n  mhim  li  Irnin 
llu  .III  li\  II  piiiiiMii  III  tilt  ^,1111'-  |)rii(  tdiirt  .  S(  rt  u  i  li|i  !{  i-> 
fiii.ilK  ill -til.  I  hi-  pit  limiii.ii  \  lilliii^  111  tilt  liiintti-  with 
iiiIiiil;i  II  1-  tiiiiH  t  t--.ii  \   il  .1  pit  \iuii-  .iii.iK-i-  111-  litiii   iii.iilf. 

I  lif  -.iiiiplf  111  .lir  lilt  .in,il\-i-  i-  imw  i  ullti  ltd  in  .in  .ill  v;l't>* 
I  I  lit  I  -\iiir.;f  with  tlif  pi-tmi  will  Iiilirii  .ilt  il  with  \,i-iiiiu 
With  thf  -titw  ili|i  1  iiptii.  thf  liiiittit  i-  lilltij  with  intrriir\ 
up  111  tin-  I  ml  lit  thf  -II  If  till  11  !'.  .mil  tin  nnz/lf  ul  the  -\  riiii;f  is 
ii)-trttil  111  till-  riililiir  tiilnii',;  ut  thf  -nit  tiilif.  Whilt  m.ikiiiv; 
llii-  I  iiiiin  (  tiiiii  v;*"'''-  prt— iirt-  -hinilii  lif  ni.iiiit.iimil  mi  tin- 
|ii-tiin  1)1  thf  -\rini;f  -n  th.it  tm  uiii-iilf  ,iii  lutmiif-  f iiti.iiiiHil 
Iif  t  Wff  n  tlif  1)11/ /If  111  tilt  -\  riiiv;f  .imi  I  lif  iiif  n  iir\  .  In  tr.iii-lir 
tin  -.iiniilf  intn  thf  Imrfltf  thf  n-ii\iiii  i-  pl.iitil  in  |>ii-itiiin  II 
.mil  thf  piiuhiiM'k  .")  (,irftuli>  oihihiI.  t;tiitK  prf--iirf  Uiiij.; 
III. lint. liiitil  1)11  thf  pi--tiin  nt  thf  -viiii^f.  Attt  r  the  .lir  li.i-  litin 
ti.in-ttrrfil  tu  thf  luiritti  thf  iiu  rriir\  nifiii-i  n-  -limilil  -t.iiiil 
.ilmiit  1  nun.  liiliiw  thf  <•  ^r.ithi.itiun.  llii-  l>fiii<  fii-iirfti  li\ 
^;fiitlf  prf->urf  im  thf  pi-ttui  ot  thf  -\rinv;f.  I  In-  lf.i\i'-  thf  ^,i> 
ill  thf  Imnttf  uihUt  a  ^li^ht  pDsitivc  pn --iirc . 

'Ihf  prt --iirf  ill  the  Imrfttf  inii-t  imw  In-  ni.iijf  fi|ii.il  with 
th.it  ol  thf  .itniti>phfrf .  Inr  thi>  piirpi>>f  .ill  m  nw  t  li|)>  fxitpt 
1  ,111(1  thf  piiithcdi  k  ."»i  .Iff  DiH'iifd  .mil  thf  .uliii-tir  i-  mniiuri- 
l.irilv  iiiHiifil  til  th'.-  i)iit>iilf,  .IS  dirfctfti  .il«)\c.  Mt  in^  uinUr  .i 
slight  pii>iti\i'  pri-^uif.  the  ( urriiit  nl  .lir  i-  mit w.inl.*  Thf 
iiif  nix  lis  1)1  iiifrciiry  shinilil  now  st.md  f\.ittl\'  .it  thi'  « )  m.irk. 

Ill  ,ili-iirl)  tlu'  (()•..  screw  clip  -i  \>  cln-fd,  .md  thf  rtsiTNoir 
r.iisfd  with  1  .md  .")o|K'ni  ,ind  liiwiTftl  MAcr.il  tiMii>  mi  th.it  thf 
^.1-  p,i--i-  in  .md  mit  nf  ('.  in  which  thf  ( "( )j  is  .ih-orlifd.  In 
(Idim;  thi>.  c.irf  iiiii-t  lif  t.ikiii  th.it  thf  iiUTCury  dtifs  tint  ri^c 
ahoNf  thf  li\tl  111  1- .  iir  th.it  thf  Na(  )H  solution  is  .i-])ir,itfd 
hii^luT  til. Ill  a.  1  our  nio\f iiUMits  usu.ilU  suttiif  to  ahsorli  .ill  of 
thf  (()....  To  dftfrniiuf  its  \oluiiU'  ()iiuhcink  ■")  is  c'ositl  .md 
scrtw  ilij)  t  h.iltw.i\-  iln-fd.  With  thf  riscrMiir  pl.ia-d  in 
position  II.  tlu-  piiuhciH-k  is  c.iutiou-ly  oiHUfd  until  thf  NaOH 

of  Has  ti)  1h'  .iii.ilysi-d  pri-scs  up  .iml  mixes  with  the  nitrunen  .iti.ive  the  sitie  tube. 
The  t  rror  ttui-  ineurreii  is.  howexer,  ne^'li^;il)le  for  most  i)Uri)oscs. 


Al  \  I  111  \  k     \lK 
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-.iiliitiiiii  i>  .1-  lu.irK  .1-  pii^~;!il'  liroiictit  li.nk.  i"  it-  Miiciii.il 
|i(i-iiiiiii  .It  .;  I  111  liiu  .I'liu-iiiu  III  lit  till-  lr\tl  I-  tltiiii'l  I'V 
ii-iii;:  tin  -I  tiw  I  li|)  I.  rill  ii.nliiic  iiii  till-  liiiKlti-  npiMi-iii 
u  iui  li  till  111!  II  iir\  imu  -.t.iiiii-  i^i\i  -  till-  .iiiii'iiiii  "I  »  I  >•  III  in.  I  . 
,,t   -.1-        I'll  lu.iki-  (III, nil   lli.il     til   till    (  (  I.  h.i-   liiiii  ,i1.-..iIk  il. 

llli-   .llin\r    |ilniri|lin     -llulllil    In     nlHlliil 

I'll  (|»  ttrtiiiiii-  tlir  iiwuni  tin  -I  11  u  I  lip  _'  i~  iln-i'l  .iiul  -^ 
i.|>rii(i|.  1  In  |i\  ri'U.illii  .11  ill  -iiliitiMii  -limiiil  iii'U  -liinl  it  il- 
i.riuiiMl  |>ii-itiiiii  .It  ''.  1  111'  U'-  I-  '1"'"  ni"\<'l  it"  ■""'  "H'  "'  '  ' 
-I  M  r.il  tinii-.  until  ,ill  tlir  uwuni  i-  .iIi-hiIm  il.  i-  di  ti  i  iiiiiit  •! 
li\  111.  luitlur  -liiiiik.iui  .  riii-  t.iki-  I  i.ii-Hli  i.il'K  Imi^ir  tti.iii 
li.r  (  (  »;.  >iiirf  -iiiiir  <  >:  -till  Mill. nil-  in  till  liil'i  iIm.m  tlic 
(  <  )_.-.il  -Mt|>liiiii  Imlli.  till-  .lir  in  tin  luin  tti  iiin-i  l«  p.i--iil  intu 
llli-  liiilli.  ittiiriuil  til  till-  liiiMltr  .mil  ,1^.1111  p.i— til  iiilii  tin- 
p\  riiv;.ill.itr.  llli-  iiiii-t  111  iImi.i-  ,it  li.i-i  tliiif  linn-  tu  iii.ikf 
(  I  I  t.iiii  til. 1 1  .il!  '  ••  i-  .il  1-1  III  nil.  I  In-  1 1 II.  1 1  Milninr  •  it  ;;,i-  ,i-  rr.nl 
c  .11  tlif  hurt  ttc.  I(  —  tin-  \  I  llli  nil-  lit  *  <  l.  ;^i\i  -  tin-  i  'W  l;i  n. 

Alitr  ( i.nipli-tiiin  nt  tin  .tii,il\-:-  tin-  .ipp.n.itii-  -Im  iM  Ix-  li-tt 
til  It  1 1  with  iiitiiiv;i-n  .iinl  with  tin  -i  r,  u  i  li]  -  ,ill  rli  -■  il  \  -Imrt 
pit-(-«'  (it  iiiIiIk  r  tiiliiiii;  -IniiiM  .il-i  1m  i  miin  i  I  til  u  itli  tin-  iip|M-r 
I  ml  III  n  M-rxiiir  //  .mil  (  lii-t  il  li\  iiim  In  m  k-  Tlii-  i-  In  iirt-Miil 
iimliu-  ii\i(l.itiiiii  lit  tin-  pN  rnv;.illic  -nliitiini. 

A-  .ilrc.i(l\  -t.itiil,  .1  -liv;lil  <  irur  i-  im  urn d  in  n-iiii;  tin-  .ilmNf 
,ipl),ir.itii>  (lurinv;  tin-  .nljii-t  nn  nt  nl  tin  pn  — nn  -.  With  .i  little 
jir.Ktiif.  liiAu-\t-r.  thi-  lu-iinin-  \it\  -in, ill.  It  i-  mi\  iniiMir- 
i.int  to  in.ikc  (irt.iiii  that  .ill  tin-  riiMn-r  iniimi-  .in-  pirtti  tlv 
tiv'lit.  V.  liirh  i-  In  -I  in-iirt  il  li>  w  iriii^  the  tiiliinv; 

Collection  of  Alveolar  Air.  PLm-  tin-  nnnith  pim-  nt  tin- 
txpir.iliiiii  tnl't-  in  tin-  rniuith  .nnl  rli.-i-  tin-  nc-jril-  li\  .i  <  li|). 
Hn  .iiln-  (|uit-tl\  thrmiKh  tl^-  tiiln  till  .n  i  ii-tunuil  ti.  ii.  .\lti-r  a 
iinrin.il  in-iiiratiim  t-\pir»-  a-  ili-ri)l\  ,1-  |m.— ihlt-  tlirmiuh  tin-  t  iiU- 
,111(1  tln-ii  ( 1( -I-  tin-  iiiiiiiiii  pit  (  f  li\  tin-  tiuiiiin-.  Tin-  niH-r.itur 
,it  thi-  iiiiiiiit  lit  .i-pirati  >  .1  >,inipli-  nt  ,iir  inti  •  tin  -\  rin.;i-  .ittn  ln-d 
In  tin-  -idi-  tiilii-  nil  tin-  .■\pir,itinn  tiil.i-.  Thi-  i-  ilnii  ,iii,il\ -I'l. 
Tin   ntiM-rvatinn  i-<  ri-|K-ali-(l  .ittt-r  .i  iinrin.il  txpir.ttinii. 

.\ltt-r  ii-in;;,  tht-  ^la?--  iinuitli  piti  (-  inii-t  In-  rt-iiin\i(l  and 
jiLkkI  in  .1  \i--t-i  ((lilt,  1 1111  III;  wi.ik  i  .irimiii  .nid  -nhitinii,  iit-tnrt' 
ii-iim,  it  i-  rin-i-d  in  wati-r. 
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CHAPTHR    XIII. 


RESPIRATORY  EXCHANGE  IN  MAN.      TISSOT- 
CARPENTER  METHOD    * 

Till-    prinriiilc   i<\    ilic    nul!i(i(t    (■(in>i>t-    in    tlif   cullcciiuii   of   .i 

(I<  linitc  \Mliimf  111   cxpiiiil   ,iir  In  .111  .ir(  iir.itr  .-j)ii<iintltr  and   ttu- 

-uli-iiincnt  ,m,il\-i-  nl  .1  mixed  >,iinplc  ni  ii.     It  i>  liuii  pu--iMi-  to 

(■oin|)iitc    till-  tiuii;^    inct.ilinli-in     iii<!iri(t    ( '.iloi  iinitr\    .        Alttr 

(difcitini;  lor  Itiniiir.iliirc  .iml  pi(--iirf,  tl..-  tnt.il  (  (  )j  output  .mil 

(  ).  iiit.ikf,  .m<l  troin  t!i(in  I<.<J.,  .iff  thin  romjuitid. 

Experiment  44        Tlir  --uliiri  t  >it-  on  .1  i  li.iir  .md  l,ikr>  thr  moutli- 

l)irrf  A   il'ii;.  '.V-\  •   I'l    thr  ri -jiiiMtii m   tuhf  in   lii^  moutli.      'I  hr 

inoiitli-piiTf  ion>i-t>  ot  .m  rlhiitictl  ruldur  ll,iniL;i'  with  .1  liolc 

in  thi-  rtiiiri-  1  oniuctrd  witli  ihf  ri  >pir.itioii  tulir.      'Twii  riihlKT 

lii.i>  .lit-  i)ro\idcd  and  tln>f  ,irr  ^rii)i)rd   liitwrt-n    thr  tftth,  thi' 

tl.m^f  lirini;  pl.irrd  lutwiiii   thi-  hp>  .md  tlic  i;um~.     'I'lic  no-t- 

i^  lii;litl\    ilo-i'd  |p\    .1  >iiit.ililf  rl.imp. 

rilc  Kl^l'iK  Mil  IN  ll  HI  lcM(i-  In  lllf  Ull:,.^.  B,  ^  1)(iUkI.I-'  oi  I'l  .Uc  i'-.  ' ,  lllf 
,11,1  III  I  lie  ,  AiHiMliiin  IiiIk-  I.I  whii  li  li.nl-  U>  *  l.ir^i-  ^tupnii  k,  (  ,  1  niinn  lid 
with  ihr  iiitiriiirnt  i  li.'  >|mi>iiirlrr.  Ilir  I. lit  IT  CMii-i-t-.  I  if  .1  HMI-litrr  itn  III  I'll 
.iliiniiniiiMi  (xliiidiT,  I).  -ii~|niiili  il  lii>in  ,1  |.;illi  \  .  I'.,  in  a  w.itcr  ImiIi  Ixlwcfn 
till  cliiiil.li-  u.ill-  nl  .111  iii>rii;ht  ~Hliiin,iry  c\liiiiUr.  I- .  A-  llu-  aiuiniiiimn 
ixlii'.lir  ri-r-  out  I'i  ilir  w.ilir  cMi  .lociinil  i it  .lii  iiitirinv;  ii,  it-  u<ii;lit  1»- 
I  nnir^  i;rr.il(r.  la  .illiiu  Inr  I  In-,  ihr  uhi-cl  i-  m.idr  rxcrnl  rir,  a  ■  ^  -n  til, it 
.1-  I-;  ri'MiKi-,  with  rlr\,ilinii  (,t  llu-  -.pironii-trr,  ,1  w<ii;hl  ninnriliil  l>\  .1 
ihrr.iil  III  lllf  rin  iiiiiti  rnur  III  ihr  lAiiniiu  cm  ni-i-  ,1  |iriii;n->i\  1  1\  uri-.ilcr 
|, nil  nil  llu  -I'liiiiiirM  r.  ami  -n  r\,iilK  1  iiiinlir|iui-(--  it.  'I'lir  tup  nl  I  lu- 
i\llllc|il  I-  |ilii\l.|ril  willl  hiilf-  fill  llli'  illSiTtiiill  nf  ,1  lIurillnllK'lir  .Ulil  III  .1 
lul.c   and  -lii|  11  I  k  Inr  ilrauiiii;  lllf  llir  -,1111]  Ir  lit    ,iir   lor   ,in,il\  >i-, 

•>iiic  I-  llu-  mam  ilnni^  In  lir  UMriud  in  1  hi~  nl.-i  r\  ,it  imi,  ,ii<.irl  fn  mi  I  lir  iiii-lluids 
nf  .iiiaUM-  nl  ihr  all.  i-  I  hi-  luiilmd  nf  i  ,il,ail.il  inn  nf  ihr  ic-i  nr.itnrv  iumtii-iU 
.md  nl   Ihr   Inl.d  li  -]  ill  ,il  nr\    lArluill^r,  I  llr  I  Ainriiiuill    i  .ill  In'  lirntlKllily  ,i--ii;iU'd 

In  ,1  1,11-,  r  liinuii  nl  -I  mil  111-  ih.m  th,-  ii-imI.      .\tlir  tin-  -,uiipU-  nl  .m  h.i-  lit  in 

,  nil,,  1,  ,1,  I  ,11,1111  llHluli,  1-  nl  llu-  i^iaiUp  will  pin,  ,•,  d  In  ,ill.l!\-,-  il  ,111,1  lll.lkf  t  lu- 
ll,,,—,ir\  ,  all  ul.iiinii-  Mil.  1- ill,' >;ri  ,ilt>i  ,  .111-,' fill  ,1,1, i\  m  ihi- lAp,  liiuiiil  i- in 
ih,'  ,m.i!\-i-  111  llu    nw^i  11  Ml  ihi'  ,nr  -,inipli-,  llii-  pm, f.iiirc  -ImiiM  \>v  pr,irli-<'il 

,, ,    ..,:..,.     ,! ^  ,..,  ;,„..,;:         ;:;.'       ,     ,■:■..'.     ■.:■      ■.■.]:,:    !:   :  ,    , :!:,■!, !\      h.ld     !M  !,r  If!!;' f 

Willi  the  K-'-  liiiiill'-  >hniild  dililnii-lr.ilf  lllf  1,-,  limipu-  In  ntiur-. 
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In  I  iiiiiliu  tin.^  the  iiliMr\ati<m,  the  ^pirdiiutcr  is  first  xt  .il  zero 
mi  tin-  ~i  .ilr  .It  till-  -idc.  Tlic  siiliifct  tlicn  l)rc.it!ns  tor  suiiu-  tinu- 
llu'iiiuli  tlif  \,il\(>  .mil  .1  side  tiilu'  with  tlic  stopcnck  liiriud  <itt. 
Win  II  till'  lucitliin^  is  1  nmlnrt.ililc.  tlu-  stupcock  is  IiiriU'd  so  that 
the  ,iir  t  iiltrs  the  spironictcr,  and  the  side  tiilic  is  closfd  !»>■  i)l,i(  iiii; 
a  (  l.mip  iin  ihr  nililxr  tuhiniL;  nn  its  Ini'  end,  the  t\.i(  t  iiinnu'tit 
liciiii;  iHilcd.  'Ihr  air  is  alldwrd  tu  <ull((  t  fur  ,i  dclinitf  pi'riod  of 
timr  1  III  .")  ininiilt  -  tor  a  -iiliici  t  at  n-t  ,  at  the  end  <if  which  tin- 
sliip((i(  k  i-  a'^aiii  Iiiiiicil  and  the  side  mlic  dpiiu-d  s( ,  as  tc  comifct 
with  the  iiutsidc.  'i'lic  ti  nijxrat  iirc  in  tin-  spinmu  Icr  and  tlu- 
1  latonict  I  il  i)it  -sine  air  tluii  c  .inlulK  nutiil.  as  will  as  tlu'  \  olimu' 
111  air  in  th<  spiroiiutt  r.  The  luiiiilicr  <il  n  spiratioiis  diiriiit;  the 
( il)srr\  at iiiii   is  al~<i  ( unntrd. 

Thf  s.miplr  cil'  air  lnr  .m.ihsis  is  (  dlliM  ted  in  an  ,ill-ulass  svriiii;i', 
the  iii>//lr  (il  \\hi(h  tits  inln  the  riililiir  tiiliiiii;  ot  the  stdpcnck  on 
the  t(ip  111  the  rxlindir.  Ti  i  allnw  lnr  tin  (had  spacr  i  it  tlir  tuliiiiii, 
till  -\rini;f.  .ittrr  lilliiii;,  is  nniuMil  truiii  tlu  luliiiiiL;  attrr  tiirnini; 
nil  ilii-  tap  ,ii;a.in  ,  rmplird  and  rfcnmu-rttd.  ihr  pistmi  is  tlu'ii 
inn\r<l  mil  .ind  in  st\tral  liinrs.  and  tlu-  svrin^r.  Iillrd  with  air,  is 
n  niii\  id  tn  ilir  ;^as  anal\  sis  Imntti-  .iiui  tlu-  analysis  iikkK-  accnrdinj; 
tn  the  diifi  timis  in  l-.\p.  \'4. 

Il  is  ]>ai  lit  iilarK  iinpnrtaiit  In  niakt-  nrtain  that  all  thr  n\\ii;rii 
is  alisnrlird  1 1\  thr  p\ Tn^allatf  and  that  tlu-  air  intrappi-d  in  tlu- 
inliini;  liadiiii;  In  thr  ( '( )j-ai  isi  irptinii  pipitti-  is  iiuludi-d  in  thi- 
anal\  si^. 

I  III   (    Mill   \liiiss.       Thf  liilliiw  iiii;  h.i\  r  111  liv  ilili  rmiiud: 
I      I',  r  .  rill   (■(  );  anil  O... 
J.    k(s|iir.!liir\  <.)uiil  iint . 

:'i     Tdlal  \ul.  (  I  )..  aiiij   (  >.  rispiri-il   jut  lsi;in.  I».iiiy  wii^ht   aivl   per  siiiian- 
nil  1 1  r  I  il  1 II  >i!y  ■-111  lai'i-. 

An  i\aniiili'  uill  mtm-  lust  to  show  tlu-  iiu-tlioil  of  call  iilit  ion :  I'lu-  ti-niinr- 
al  nil  aiul  liaiimu  1 1 11  pn  --iiir,  as  takt-n  at  the  tiiiii-  uf  tlu-  t.\|.iriiiunt,  wiTi-  2(Pl  . 
aiiil  717  null.  111;.  nsin  i  1 1\  rly  ' 

t  (  t   .;i;.i/v-iN; 

1-1   n  ailinc  '  it  Imn  He KMH) 

Jiiil  II  .'iliiiL;  iiMuiii  111  alli  r  ali-.ir|liiin  111  (  (  ).  ••  (i(» 


CO;  alisoilri!  ... 
=  1.(1  1  <  r  1 1  lit  I  <  1.  in  lAiiiin'  .lir. 


0.40 


:s^A-^fgEr^-.p;^-*^>%:i5^if^:  -^m 


taiMii 


Rl— riKA  lOKN     l.\(  MAM. 

1  . 

H)') 

( )j  iitiahstK. 

■Jinl  ri-;i(lmn  111  i. lire  III- . 

■Mi4l 

.'.nl   rr.i.lilli;  ul   1  ■11 1  ill  i    .illcr  al'^' >i  1 1|  ii  m  i.|   (  ) 

7. '.»."> 

( )_■  ,ii»iirl"ii 

If,-, 

=  lt'i.."»(l  per  niit  III  ( »..  Ill  r\|.iriil  .lir. 

/', ',  rmnuttiiiti  ('(  !<<..•. : 

1  1    In  at  inii-phi  rli    air 

■Jtl  Ml  |„  I  1  int.* 

II       (  (  ).  ill  cxiiirril  air     1(1  ."il»-»- }  i  = 
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CIIAPII'IK    Xl\ 


DETERMINATION  OF  THE   GASES  OF  BLOOD  BY  THE 

PUMP  METHOD. 

\\  lull  1  ill  M  1(1  i-  (AIM  1^1  1 1  111  ,1  I  Kit  1(1  \ .!(  iiiiiii  .ill  1  't  il-  ^,i-i>  ,ir»- 
lAdKfil.  riif  (AiiKcil  ^,i^('>  call  llicii  111  I  r.in^lcn  1  il  tn  ,i  -iiit.ililf 
Imniif  .111(1  tlu  ir  n.ilinc  ,iii<l  ril.iii\r  .iiiioiint--  di  Itrniiiuil.  Tlic 
i;,l>  (Mlllliil  lie  i(  illljilrliK  rcllliivcd  1 1\  ullc  lApn-lirc  mI  lllc  MikkI 
in  .1  \,i(  iiiiin.  li((  .lu-c  in  -in  li  .i  (  .i-c  the  l;.i-  \\(iul(!  lit-  f\(il\c(l  niiU 
until  ciinililir iimi  hid  luMnnic  c-Lilili-iicd  ln-twftii  the  p.irti.il 
|ii't--iirc  pK  i(|ii(  cd  li\  the  i\(il\('d  L..I-.  .ind  th.il  -till  |ir(-ciit  in 
tin  lildiid.  It  i-  n((r--.ir\  t(i  rcpiMt  the  i\  .uii.it  ii  in  >r\ir,d  tinu-. 
l(ir  till-  purpii-r  ,1  iiu  r(  nr\  pump  i-  ii-ii,ill\  i:n))li  i\  cd,  Imt  -.iti-- 
t,ict('i"\  c\  .icn.itidii  (.111  .il-M  lie  luiui'^ln  .ilidiil  li\  u-iii;.;  llic  -iiupltr 
.ip|).ir.itu-  di  -crilicd  in  llic  tulli  lU  iiiu  experiment. 

Experiment  45.  I'l.ne  .ilimil  1.")  c.(  .  dctiluin.ilcd  (i\  Iddud  ill 
a  ."lOU  (  .c.  tl.i-k.  ,iii(l  till  tile  Kittcr  with  .iKcol.ir  .lir  li\  e\j>iriiivi 
deeiiK  iiitd  it  ilirdut;li  .1  pic( c  dl  w  idt  -lidfc  niliin  r  tiiKinu.  i<v  liel  ter. 
llinni^ll  ,1  i;l.i--  liiiie  in-crtcd  tlirdlli;Il  the  -t(ii)])er  dt  .1  Imttle  tilled 
witll  '.^1,1—  lie.i.;-.  Till-  ((indell-t-  .illd  rcHKix  e-  tile  w.iter  ifdni  till' 
air.  Rdi.iie  the  tl.i-k,  -d  th.it  the  lildod  tdrin-  .t  thin  t'llni  mi  tiie 
wall-.  Imt  dd  iidi  -li.ikc  in  -uch  a  ni.iniui'  ,1-  tn  ( .iii-c  tlu'  MikkI  to 
truth.  \\  li;lc  rdl.iliiiiL;,  dC(  ,i-idii,ill\  e\i)ire  thnnitill  the  tulie  iiitd 
the  tla-k  -d  ,1-  Id  niaintaiii  the  |)erceiitai;e  dl  c.irlidii  didxide  cim- 
.''t.int  I  diitiiiiii'  ihi-  ])rdcediire  lur  .ilMuit  three  minute-,  and  then 
cld-e  the  ll,i-k.  R\  tlii-  inc. in-  liic  lildud  .ili-nrli-  d\\i;eii  tn  lull 
-.itui.ilidii.  .ind  c.iilidii  didxidc  in  the  -.inic  (Xtciit  a-  tlu-  Mddd  in 
the  pulnii  ill, II  \    (  .ipill.ii  It  -. 

M e. Ill u  hill  I  he  Imlli  dl  the  Mddd  recei\  cr  I  i;.;.  -WA  i-  p.irti,ill\- 
e\.i(ii.ited  li\  (dmuiiiiiu  it.  li\  mean-  nl  the  .itl.iched  ])iecc  dt 
riliiiiel  i  ill  ilii;..;,  id  ,i  \\,iici  \  ,i(  uuill  plllllp.  i  lie  -i  lew  (illi  i  '  I- 
then    liullteiU'd     lc.i\  iiil;  .i>  Imii;  .1   pii-ce  dl    luKin;^   lieMind   the  clip 
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.1-  ])(i-<>ih!c',  the  >iilr  tiilii'  nt  tlif  iJiimp  ('IH  lud*  .m<l  tin-  IiI'mxI  1.iiI1> 
ir!ii<>\A<|.      A    t«u    (li(ii)>   ut    tin    ,inti-to,iiniiic    >ciliitinn      r,ipr\lii- 


J 


aliiihol  or  iMi.muii 


Miwiltr.itr  ,   1-  pl.nfil   111    ttu'  rcci-iviT.       1  ni->  is 


tin 


Th 


IIh-  w.il.t   inii~i   n.A.r  It  miiikU  "H   ipti  iii>    |.iiiii|. 


111^  I ^  t  '  'I I 


w  .til  .1  !..irli.ill\  -ir  ( ciin|ili 
Inl.in-  iiiriiinu  olT  tin-  w.itir. 


til\  {■\Ai  ualiil  \. 


.\U\.i\-  .illuw  ,iir  uilu  iIh-  puiup 


**■ 


JOS 


I  xri  KiMiM  \i.  IMn  -i(ii  l)(,^ 


.11(1  iiii»li-ln(l  li\  taking  .il  uiii  (».,")  (  .(■.  (,f  the  lliiid  ill  ,i  ^l,i^>  tiiln- 
<il  -iitiK  it  III  rxlcni.il  (li.imcicr  in  tit  tiulitK  tin  ruMKr  tuhiiiv;  (if 
lii(  i(((i\(r  ,1  1  (  .(  .  i>iiuitc  wiili  the  (I(liv(r\  iiid  ]i,irti,ill\  (lit 
"11  l^(  Idle  iii-t  iiiir^  iIh-  i)i|i(  itc  iiild  (lie  riililur  tuliiii,;.  tlic  Imiifii 
"t  the  lit  K  r  li(  M'lid  I  lie  ( li;i  ;~  till(  (1  w  ill)  llic  .mli-tdainiiiL;  m  iluiidu, 
>"  'li.it  11(1  ,iir  iii.iN  t  nil  r  tlic  k  ccix «  r,  .iiid  .iflcr  in-crtitiL;,  tlic  xn-w 
•  lip  1  i-  \<i  \  (  .iiiti(  iii-K  (iiH  IK  d  ,111(1  .ill,  .iM  0. 1 -(>.'_'  (  .(■.  (,f  the  ■^(ilii- 
ti"ii  .illi  \\(  d  |( .  run  in,  ,ill(  i  w  liii  li  llu-  (lip  i-  .m,iin  xicufd  lii,;ht. 
iIk  i'i|i(Iti  rtiii(i\((l.  ,11,(1  the  -nliitHrii  -lill  in  it  npl.Kcd  in  the 
-t('(k  IkiIiIc.  I  he  r(((i\(r  i-  n  ,itt,i(  lied  tn  llu-  \\,it(r  piiinp  ,iii(l 
<\  ,i(  ii,itt('  ,1-  t.ir  ,i>  p(  -~il  lie. 

It  i-  tiicn  .itt.iclit  (1  t(p  til  lie  I )  et  llu-  M(M  (I  pump  ,111(1  cs  ,i(  iMiioii 
< cniijK  ted  li\  ni.iiiipul.iliii;;  iIh'  puiii])  .i-  dt -crilicd  hcldW  Inr  tlic 
<  V  ,11  iMtidii  (il  lil(,(i(l.  W  Ik  II  (  (  iiipK  tcK  (A  ,i(  iKitcd,  ,1^  iiidi;i(l  li\' 
the  iii.iliilit\  1(1  -u(  k  (,\ir  iiKnc  ,iir,  -i  icw  iii|)  1  i-  i  Ic  -ii]  .md  tlu' 
lilddd  rt((i\tr  rt'iiidx  <('  irdiii  tin-  pimi]). 

I  en  (■('.  dt  lilddd  i~  ikiw  jiIkxiI  in  tin  niiivcr.  Id  .i((  (unpli^h 
llnV,  lil(  (  (1  i>  n  iiid\rd  trdiii  the  ll,i-k  !i\  iiic.ii>  df  tlic  >pt  (  i.d  jO  cc. 
pilKilc.  n^-ini;  diiK  i^ciitK  xKlioii  and  tillini;  td  the  upper  in. irk. 
All  ,iir  i>  Miiicc/cd  diit  dt  the  tuliint;  on  the  Mcdd  hulli,  ,ind  the 
it'll  dt  tile  pipetie  iii^rted  in  the  tiiliiiv.;.  heini;  i  .iret'ul  id  >ee  that 
iid  .lir  liiilil)le>  are  prcMiit  .it  the  iiiiidii.  Hdldin^  the  pipette  .iiui 
lilddd  liiilli  \erli(all\.  the  clip  i^  \  cr\  cult  iouslv  unxriu  t  d,  and 
tli(  lil(i(  (1  alldwed  Id  tidu  tn  in  tlu'  j)ii)ette  into  the  Imlli  until  the 
Idwer  111, irk  nii  the  Idriiur  i>.  ri-.K  lied.  The  (<ip,i(il\  lieiuieii  the 
twd  iii.irk^  is  10  (  .(■.     After  tii;hteniim  the  >.  rew   i  lij).  the  piiicttc  is 

n  iiid\i(l  .111(1  the  111 1  li  ft  in  the  tuliin;^  i>  M|iic(ved  out. 

riu-  lilddd  puini)  inu>t  iitiw  lie  i)rep.iri(l. 
I  lii~  (I  111-; -I-  (it  .1  ."ill  r.c.  .ill  i,l,i>-.  1  I  ii'i  -  .  rliiiic  l<  ,  u  ii  li  \  .i-rllnc  luiwi  en  the 
w.iJK  .111,1  |,i-ii,ii,  the  iKi.vI.  I.iiiii;  (,iiiii'  Tii  l.\  lliii  L-\i.ilii(!  iiililicr  tiiliiii.;.  /, 
wilh  ilir  -iii,.;l(  dil.c  ,,t  ,1  line-  w.tv  >:ii|d,k  c'  .  Of  the  dllicr  tiili.-  (it  iIk.' 
sl'ii  I  M,  k.  ,,ii,.  /I  1  iin~  1,1  ( ,111111  .  I,  li\  ii,iMii\\-li(ir(/  i;l.i>-.  luliiiii;,  with  the  IiIikkI 
liiiili  ,iiul  iIk mil.  I  /■  In  ih.  i;.i- liiiii  11,  /■  ,1  111  (  .1-.  i;r,iiiii,itc(l  [liiK  tic  i- -.ui:-- 
l.i'  1"!  \  .  I  "  ,i\,ii>i  lil  n-k  .,1  .iir  il  ,il..u,  ini.i  ill,  ~>  1  iiicc,  llii>  i>  iii.iiiii.iii.it'-,!  in  .m 
"1  I'cli  ''  ,i~  -iH'ur.  in  llii  li^iii,-.  Ill,  !i,iri-(l  ,il  die  -xiiii^c  i>  .Li^j.cil  ,it  its 
II I  inr  cii.lhv  ,1  lii.i~-  ,,,11,1,  /.  will,  h  i,  I, ,1,1  l,\  ill,.  j,,in  rml  'A'  t,i  the  upright 
'  '  •  I  "  ill'  l.il  l(  I  1-  .lU'  i  hi  11.1  ,1  I  111-  Iri-i  ,  iiiU  ,il  .1111,1  111  r  II,  iTi  r,  "!  I"  !!!  ii'i  it  >!.•!! 
I-""  .ill'  1  cinl  I  iiii;^  .ill.  ml  :  III  1  111.  1 11.111  ihc  fn  (■  cml-.  Twu  strips  ,if  1  i.i-.-.  are 
I'll.-  I\  ali.i,  htil  1,1  ih,-  !u,i  .iini-  ,it  lli,  luiit  rml  nn  cillur  ^i,lc  uf  die  ^-vriiiKe 
\\  ]•.(.■:  1  til,  \  ,111^-11,  ,111,1  ilii  MMin  "Inuii  111  1,  mil  1  I  uiih  ilulic.nl  ,  it  the  |ii-timnf  tlie 
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-vnu^r.  'rill-.  niiiKtiioii  will\ar\  with  llu.  a.k  i  -lia]«  ..i  i  he  Ik  .i.I  ■  >t  i  In  |.|,i,  ,ii.  I.iii 
in  .iiu  c.iM'.  free  pl.iv  inii~t  !«■  |mi^s||,U-  ,,I  t\\>  'y\u\  In  ilir  -\  nn^i  ii-<  il  m  ihi-- 
i,ilMjr,ilor\  ihr  held  uf  the  [.i>lnii  i,  riiic  ~li,i|"  d  ,in<l  i-  -,iii~l.ic  loriK  (  oim,  ,  inj 
l.\  timtik;  ,1  wixiijcti  liiiM.iri  in  the  r\n^  .iiid  ,ir  ■  Iiiiil;  liir  l.r.i--  ~ln|'~  t..  the  i  iid 
.4  the  lidliLiii.  I  hi'  -\  Miii;r  !-  -.nrronin  Ir.j  l,\  ,i  ;;!,i"  i  s  liiidi-r  i  ■  nl.iinnu  .1  l.iitl\- 
ii.-.iw  tninir.il  oil  M(,|,ilr  ,,il  and  tin-  <  \  lii,  '  r  i-  ali.i.  In  .1  ifi  1  hr  n.  n  Iim  r  .-d 
•!ial   il   muM-  up  and  douii  with  ilii    )il-l.n 

'I'llf    tir^t    >t(p    ill    l)rtl).llill'^    tilr    Mood    pump    i-    In    -ct    lid    lit    ,ill 

the  lie, 1(1  -p.iri'  il)  ilir  tiiliiu:;  .iinl  1 1  mill  ri  ii  m-.  Tlii-  i-  r(,ii|il\ 
,i(  t  iiinpli-litil.  liir  /•..  li\  tiiniin'c  -iMpi  mk  { '  -m  thai  /•.  i  uiniiiiiiiii  .ili- 
uilli  H.  r,ii>in^  ilu-  lr\tllinv;  liurittv  (/  .  .iml  -'iniili.iiui  mi-I\  uiili- 
dr.iuim;  tlu'  pi>t(iii  ul  llir  >\  riiii;f  liy  dcpn  --inc  tin  lr\ir  iiiilil 
ilioiit  JO  mill,  lit  mir(  ur\-  li.is  cnlln  iid  mi  the  tii|i  ut  ilic  pi-imi. 
I  111-  -tiiptiM  k  i^  tlun  iiiriud  mi  lli.ii  /i  .iiid  /'  ,irc  (unnii  iid  .md 
ilic  pi-imi  r,ii.-rd  iiiilil  all  llu-  ,iir  iMAjKllcd  .iiid  m<ri  iir\  <  nmplticK 
ti!l>  iiilif  />.  Aii\  (lrii])>  iif  mrn  ur\  tailing  Imm  llu-  niHii  t-iid  nt  /' 
mii--l  Ik-  cauiilit  in  .1  >m.ill  lii-,ikt-r.  Tlu-  mi-rriii\  K-lt  on  tin-  i.ip  nt 
llu-  iii^tim  M-.il>  llii>  ((iinpK-ttU    diirin.;   llu-  -uli-i-iiiu  lit    inaiiipiila- 

tinll-. 

AtttT  sipu'i'/ini;  .ill  air  onl  of  itu-  tiihint;  <>n  tlu.-  'dIimmI  rt-<i-i\(r, 
tlii>  is  c-oiHU-i'tt-d  with  /),  and  imiiuiM-d  in  a  jia;  cont.iiniiii^  wait  r 
at  I.")'  C.  Havint;  tmiud  (' ><)  that  M  (  uiiimunii  itr.-^  with  P,  tin- 
pi-Inn  is  tlu-n  dci)n--si-d  tu  alxait  tlu-  JU  i  r.  mark,  and  uhik-  -till 
.K-pri->sf(l  thi-  -cri-w  clip  1  li  is  (ipciu-d.  Aluuit  tlii>  tinu-  llu-  lilnud 
will  lif^in  to  ''boil"  and  tlu-  K'1^«>  KW-n  <>tT  from  it  will  pa>:>  into 
'In-  \ariiiiin  iIiom-  tlu-  iiu-rc  ury  in  tlu-  >\  riiiict-.  ('  is  tiiriu-il  >o  that 
/i'  i■^  ilost-d  ott  and  tlu-  pi>toii  alio\vt-d  -lowly  to  ax-tnd.  It  nni-t 
not  Ik-  al!o\V(-d  to  aM't'iid  too  rapidly,  -inci  lhi>  ini;^ht  liri-ak  llu- 
-\rinui-'.  Tlu-  j;a-  which  has  colKctcd  in  itu-  -xrin^c  i^  then  (-\- 
p<  lli-d  into  llu-  liiirctlc  :  /-'i  li\  tiiniiii^  C'  -0  tiial  /<  and  /•.'  comninni- 
•  .itc  and  pro-ill^.;  up  tlu'  pi-ton.  Alur  all  tlu-  .i;a-  is  out  ot  ilu- 
-vrini;*-.  llu-  nu-rcur\-  is  allowed  to  run  into  /•,'  a  -hort  di^taiuc, 
'■I  iiiii  t.irt-lul  not  to  allow  aiu  to  ^vl  into  /•.  Thi-  tir-l  proi os 
i'\  iou-l\  rcmo\cs  only  a  sm.ill  traction  of  tlu-  tot.ii  j^a-  in  llu-  Mood, 
iiid  il  mu-l  Ih-  rt-|)caU-d  sc\-i-ral  liiiu-s  t-\a(  tl\  a>  dcx  rilK-d  .ihovi-, 
until  no  more  j,^as  can  he  secured.  The  dislodj;emeni  ot  the  i.;a- 
iioiii  liie  1)1o(m1  is  ^ri-atiy  accelerali-d  hy  warmth  and  Ia  (»(a-ionali\ 
remo\ing  the  i)uU)  from  the  waterdi.ith  and  ^h.ikiii^  l)ri>kl\. 
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■  ■!  1 ,11  li  v;,!^  in   10(1  (   (  .  Ill  liliii.d. 

When  tlif  .in.ii\-i-  i~  ( I  iiiiplrli  c|.  ill!  miK  iir\  i>  111!)  i>iil  tiMiii  ihf 
i.iinltf  li\"  till'  --iili  liilic  //  .  ,ilii  ?  i<niii\in;^  tin  ^iii|ir(iik  ii  i. 
iinl  llic  liiircttc  tliiitiiii;;lil\  w.i-linl  with  w.iti  i  I  In  iiitii  iii\  .iml 
ilk.ili  [ix  niu.ill.itf  -Mluiimi  w  hirli  i»  ui>\\  \<vi>\\\\  in  iMloiir'  ah  iIhii 
\\,i-lii(|  ill  riiiiniiii;  \\.ilrt  until  llif  \\.i~liin'^~  n.n  t  m  ult.il  In  lilMiii> 
li.iiirr.  riif  nitr(Ui"\  -IimiiM  iIhii  lie  tr.in-lrrrcil  t'>  .i  -ci),!!.!!  in^ 
Imiinl  (  I  iiil.iiniiii;  ,i  ihliilf  --iiliilKin  nt  -iil|i!inric  .I'iil.  I  In  Mcinil 
I'lilli  >li(iuli!  .il>ti  l>f  rlcnicil  iiiiiiHili.ittK  .  -iiiif  (itlicrwi-M-  ,i  -Inky 
pK  1  ii)it.iti'  uliich   i-  iIIiIk  lilt    til  rtiii()\f  .i(!lnri-   In  tin-  u.ilU. 
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DETERMINATION  OF   BLOOD   GASES   BY  THE 
CHEMICAL  METHOD. 

In-ii  .1(1  I, I  iniMipiiiiL;  '111'  •^■i-i  -  dill  <i|  M,ii  li.  ih.  \  iii,i\  In-  di^- 
|il,ii  I  1 1  1 1\  (  In  inlr.il  MIC,  in-.  1.1(1:  imtlu  mI  li.i-  it  -  <  i\\  n  .mI\  .iiil,iv;t>. 
H\  till  |iuin|i  iIk  -,1-1  -  ,111  .ilit.iiiu  il  niiiiii\i  i|  w  iili  ,iii  -ii  ili.il  lluir 
.iii.iK  -I-  I  ill-  i;-  ilin  1  1 1\  111  i\v  111  111  li  1  it  iMi  1 1  I-  I  1  HI  I.I  i  III  1 1  im  I  In-  I  iji  k  id. 
\\\  ilic  I  lu  mil  .il  iiuilicKJ  ilu-  ii\\  u<  II  lli.it  1-  Imi-i  l\  ( 1  iinliiniil  u  itli 
ii.ii  iiiii'^l'  iliiii  i-  tApiiliiJ  li\  ^li.ikin.;  I  lie  l.iki  d  lilund  u  ilii  iHil.i>--iiini 
III  I  i(  \  .iiildf  tile  iiW'c'ii  111  111  .iiid  diiiiir^  tin  rtdiu  I  ii  mi  nl  lliis 
-,ili  iniii  liiTi  11  \  .iiiidf  di-~iil.ii(~  liu-  uWL^iii  wliiili  i-^  Iui-^(l\  (uiii- 
I  till  rd  \\  iili  I  In-  li.it  im  i,;iii|iiii,  ,iiii!  l.iki  '^  it-  pl.ii  t-  In  Im  in  iiiilli.irmn- 
^Inliiii  .  Tlic  (.irliuii  dinxidi-  i-^  lAiK-litd  ii\  .iddin^  .i  in  iii-\  ( il,it  ilc 
,i(  id  --.iliii.ihd  -iiliiliiiii  111  l.iit.iiK  ,iiid'.  I  lit-  \(iliiiiif  lit  till- 
t  \pt  lied  Il;.im-  in,i\  lie  im.i^iiKd  in  .i  --liil.iMf  Inniilr,  il  innpcr 
(.lit  i-  tAcn  i-fd  111  ,i\iiid  (  1kiiu;i'  in  \iiliinu-  liuf  In  \aii,iliiin  in 
irinpcr.itiirc.  I  In  (  liiniicil  nutlmd  i>  llu-  innrc  pr.ii  licil  Inr  inii>t 
\\i>rk.  Iiiit  siiK  r  liu-  -.iM  M  iuinnu-  niixtd  with  tin-  .lir  oiiyin.illy 
prt-tni  in  liic  ,ipp,ii,itii-,  it  i>  nut  >uit,iiilf  Inr  pnixiiii;  wli.it  iIhm' 
u.i^t  >  ni.i\  lif.  I  .diiit  .illy,  tliiritiirc,  in  >tiid\ini;  ilu-  lilimd  ;^,i>vs 
the  pimiii  nirlliml   diniild  prrt  cdf  the  iluniii  ,il. 

Experiment  46.     'i'iu'   iiilini(|iu-   i>  ,i>   inlldw-:     Tin    w.ncr 

in  k(  I  111  llii'  liiinl  tf  li;^.  ;{."ii  ("iiaiiil  the  w  .iltr  li.ith  dl  liuiildnd 
iidllli'  |)'  ,irr  lilltd  with  wattT  th.it  h.i>  Ihcii  ^t.iiidini;  Inr  ^diiir 
tiinr  ill  till'  >.iint  nidin  ,ind  thf  Uiniitr.iliirc  i^  nuttii.  With  the 
^tii|(pir  iinidMij  lidiii  ihr  lidtilf  ilu-  tliiid  Milutidii  nf  i.iiiiuin 
chldridc:  ill  ilic  liiirilh  i>  .idiii>ti(l  In  tlir  /i  n  i  in. irk  li\'  r.ii>iiii.;  nr 
IdWt  liiiL;  till  li\  t  lliii.u  mill'  II  '.  20  I  .r.  nt  ( '(  )_.-tnc  wiak  .immdiii.i 
w  .lit  r'  i-  tin  II  iil.ncd  in  the  I  mi  I  tic  ( '  -.  ,ind  2.")  (  m  .  indiiMtcd  li\  tile 
in.uk    dl  .1  tioliU    prcp.iicd  >.itiir,iicd  xilmidn  nt  pdt.i.-^inm  tcrri- 

*0.'-  :■.:       .\::      Al!:!!!'    ni.i    l^r-     !  (  !!  M  >  :  .:       ■■!    •!■-<!!!(.!    >>.:!;■!     !■•    V.b.l:  h    ^l!:!!v    h.iriii!;: 

liviliiiMilr  li.i~  ill  I  11  .i.l.li  .1  .Mill  I  111  11  ~iiiiu'  .iniiiiimiiiiii  -iilpluitf,  ilif  rtMiltmn  |ire- 
I  n  it.Ui  •■  111  li.il  (  )   .iml  1-1. iS(  ),  luiii^  .illci\M-i|  III  -.iitlc. 
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lA.micli     III    ilii     -111. ill    tl.ii  Im. Ml. mill    iiiKi        \  \l.(.iit    I  .'i   ■   I      I'l 

(It  liln  iii.iii 'I    MiM.il    1-   i\|>ii-ii|    in    .1    J.'iO  I   I      ll.i-k.    h.  ,il\iiil,ii    ,iir 

I  ill  I.I  I  III  I  I    li\    I  \|lil  MU   i|<  I  |ll\     illli  1    llu-   ll.l-k    .III!  I    |i  it.ll  iiu     -    '    ili.ii     I  Ih 
jp] I    L.tlll-    .1    III  Ml    nil    till'    U.lll-  I  III     |i|.'.  "I    will    I  Ml  Mini      -  it  111.  I  It  'I 

Willi  .  .\\  '^rii  .mil  It   will  l.ikf  II 1 1  <   <  Ij  iiiii  il   I  111  II    I-  I  i|iiililii  mill  Ik  - 
Iwiiii  till    II  ii-.|iiii-~  III  till-  .;,i-  111  llii-  .111  .mil  Miiiiil         I-  tlii-  .ill   llic 

(  <  )■  Willi  w  liii  11  till-  I'l I  I  Ml  ill  I  I  Miiiliiiir  '        rill    iMi.itii.n  -liMiiM  \if 

ki  |ii  iiji  |m|  .il.Miit  I  WM  mm  nil-,  tin-  ,iii  in  iln    tl  i-k  In  in-  nu  .mw  llll^■ 
l  i   I  m  ,i  ii  i  ll\     I  I   1 1|. II  I  I  I    I  l\     .ll\  I  mI.ii     .lit  , 

Imiiii  ili.iii  l\    It    li.i-  -iiiliil   111   till    liiiiiMiii  mI    till-  tl.i-k.    HI  I   I 
m|    till    MmmiI   I-   icniMMiI   li\    tin    iiipiiii    .mil.   .lilt  I    ui|iiii.;    tin-   ti|> 
Willi  ,1  (liiili.  -liiwK    ililivtrnl   mull  I    ilu    .iiiimMiii.i   -MlmiMii   in   tin 
liMiilf.       riif  liiiitlt    1-  ilun   i^intK    -11. list  II   imiil   llit    Mi. Mil   i-  i  mhi- 
|ilt  II  1\   I.ikt  il  .iiiil  .1  ti.m-ii,iitnt   It  li  -Mliiliiiii  i-  mI  il.iiiit  i|.        In  t  ,i-t  - 
will  It    tin-  IiImmiI  i-  lint   -.ilm.iltil  willi  nwutn.  .i-.  Im'  tA.impk      in 

\riiMii-  M I,  il   i-  iurf--,ir\    Im  |)i  -iiiMiif  tilt    I.ikiii'.^  |iiMit--  until 

.lilt  r  tilt  liiiitlc  li.i-  Ikiii  tiM-tii  .mil  iMimiitiil  with  tin  lnirtllf, 
-iiii  f  Mllit  I  w  i-t  (».  wiiiild  lif  .tli-Milnii  liMiii  I  lit-  .111  1  i.iv  iiii;  iil.H  t  i| 
ilif  ll.ii -liMiiMir.fil  IiiIk-  .\  ui)ii:^lit  in  ilu-  luiiilf  ,mil  with  tin  .lir 
iiiilltl  III  ilif  Imiiilf  '  li  nptii.  tlif  -iMppri  i-  liiiiiU  in-iitril  intii 
llif  linltlf.  wliii  li  i-  thin  imnuT-nl  in  llit-  w.iti  r  ImiIi.  .iml  tlit  w.iltr 
-lintil.  \\  111  lit  A  t  r  ilif  lliiiil  in  tin-  Imrt  i  it- 1 1  .i-t-  tn  niM\  i  liirtlii  r 
inilu.itinu  ili.il  tlif  It  ir.pt  r.it  iiif  mI  tin-  .li*-  in  ihr  !>Mltlf  li.i-  luiMinf 
till-  -.11111-  ,1-  ill, it  111  tlif  \\.(itr  li.ith  tilt  .lir  luitlt  t  i-  .lu.iiii  Miniitil 
|m  .illnu  ilif  nit  r.i-rii-  ul  llniil  in  llif  liurttti  in  rttuni  tn  tlif  />  rn 
111,11  k. 

I'll  ili-pl,uf  till-  nwufii,  llif  liiililf  i-  rfiiiM\til  tiMin  tlif  w,itfr 
li,ill:,  ,inil  wliilf  liMiiliiii;  it  m  ,i  ImwiI,  Im  i>ff\ftit  it-  lifiiniiin^ 
w,iimf(l  li\  llif  li.mil.  il  i-  lillfil  -  1  ill, It  till  tftrii  \,miilf  -pill-  iiitn 
t  lit  l.ikt  il  Mm  ,1.  Tin  Iimi  tif  i-  -Ihikfii  Imt  .iImhii  ntu  mi  11  lit  f  w  itluuit 
.illnw  iiii;  tlif  I  Mil  I  lilt-  111  1  Mil  If  in  I  Mil  I,  II  I  with  tin   -luppci-  i.r  tnliinj,;. 

riif  t  \pf  llf'l  M\\  l;i  II  ilf  pi'f--f-  thf  ihiiil  in  I  hi-  liiiri  t  If .  .iml  .i-  it  il(ii'> 
-M,  ihr  II Ailimu  inlif  -hiiiiiil  In-  lnuiif-!  -n  lh.it  ihtrf  in,i\  iml  In- 
im  if,i-t  il  ]irt— iirt-  m   ihf  .ipi),ir,itii-.  wliitli  v.mhIiI  fincnir,iL;f  k'aks. 

ilu  Imtilf  i-  ifimiifil  111  ilif  \\,iifr  li,iih.  .mil  thf  w,itir  -tirri-d 
i.mii!  t!'!'  !!■>.•.!  mI  •!!!!!!  in  ilir  hnrfilf  re ■!!.!!!!- i-'Mn-i  ini  l\\''  ndi\\\\i^ 
nil  llif  liiirfilf.  t.ikfii  wlifii  the  lf\fl-iil'  tliiiil  in  it  ami  thf  lf\fllin^ 
tnl.f   ,iit    f\,u  il\    thf     ,inif    ui\i-  tin    if,  nl  M\yufii  fxpflUil  tinm 
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CHAPTHR   X\  I, 


THE  DISSOCIATION  CURVE  FOR  OXYGEN  AND  THE  CO,- 
COMBINING  POWER  OF  BLOOD. 

I'or  acciiiMtc  (litcrmiii.ilinn  dt  the  nl.itivc  ,iiiiciiinl>  (jI  rcducfd 
.imi  (i\\  hciniii^loliiii  in  IjIikk!  t\[i(.-((|  id  atnin-pluri  -  (  imt.iiiiiiii; 
\.ir\iiii;  |(,irli.il  pn-- -iirc''  i>\  ()\\i;fii  n<>  iiittlmd  ^iirp,i-^c>  tli.it  of 
K.iKrull  ,iml  lii-  I  iiUdrktr--  Tin-  priiH  ijilc  nt  thi-,  mrtlmil  i>  to 
<\p(iNC  ,1  sin  il!  (iii,iiitit\  <il  liliinil  ii,  ,1  thin  tiltn  im  tli"  walls  of  a 
rclatixcK  lar;^;^  (  \  liiidrii  al  \  (»rl  ti  nn  nmtt  r  (  (intaiiiiiit;  a  iiiixtiire 
(i|  nittd^cii  ,iiid  oxyi^fii  i;asc>  until  ((iiiililiriniii  li,i>  iKcdiiic  otah- 
lishnl  IkIwci  II  the  partial  i)it>siirf  mI  the  hw  i^cn  ii.  the  atim  splurt' 
and  the  alisdiptioii  ot  (ixxi^cn  li\-  tlif  lilond.  Sonic  o|  the  MimuI  is 
transltrifd  to  a  >niall  hnttli-  Kiniuiicd  with  a  ditttTcntial  maiKi- 
iiu  ttr  and  shaktii  willi  ililiitc  .mundiiia  u.itir,  \\lHrii)\-  it  Ihcoiius 
lakid.  and  Ii\  t.ikiii;^;  ii])  (i\\i;tn,  causes  shriiikav;c  in  the  Miluint-  of 
air  in  the  Ixittle,  tile  deiu;ree  ot  which  i>  iiidicati'd  l)v  tlie  manometer. 
rii(  o\\iL;eii -sat  lira  ted  Mood  is  then  shaken  with  ferricvanide  of 
l)ot.issitim  whicli  dislodms  the  oxygen  and  c.iiises  the  pressure  in 
the  hot  tie  to  rise.  I'loiii  the  rilati\e  displaci'iiient  of  the  fluid  in 
the  nianoiiieler  in  the  two  ohserxatioiis.  the  percentage  satiir.ition 
ot  the  lilood  with  ox\L;eii  is  readil\-  calculatt'd. 

lor  Use  liy  a  class  ot  stiuleiits  the  metliod  is  not  jir.u  tical  be- 
cause ot  tile  dit'ticult\-  of  pro\idini;  suitalile  mixtures  of  ox\mii  and 
iiilroi;eii  with  which  to  till  the  loiiometer,  and  liecausi'  of  the  ex- 
pense of  the  dit'tereiitial  manometer.  The  first  of  thes  liltii  ulties 
is  oxercome  liy  ex])osin^  the  blood  to  a  ii.irti.il  \,uiiiim  instead  of  a 
inixlure  ot  uasts.  tlu'  partial  pn.-sure  of  ox\i;en  beiny  readiU'  i.il- 
i  iil.ited  troni  the  <iei;ree  to  w  liich  the  tonometer  is  eNaiuated  .is 
nu.isurtd  b\  .1  barometc!  After  exposure  to  the  p.irti.il  wicuum, 
the  bl..)od  is  tiMiistericd  to  ,1  simple  loriii  of  ditfereiilial  blood  >;.i.s 
niam  iiieler. 
Experiment  47.       ihe  tollowini^  .ijiij.ir.itus  is  re(|iiired: 
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-.iliiK-  .mil  ( 1  mini  1  it  with  tlic  >i(if  tulic  m  tlir  iMromctcr  'I'-piccc  .1 . 
1  he  1  111  111])  /*  i-  turm  ll  im  v,  itii  x  rtw  (  lii)s  1  ami  A  cldsnl,  luit  xnw 
<li|)  2  (ijun  iiinl  the  pn>-'iirc  Iciwcrrd  until  tlu-  i;icniir\  >t.m(l:;  ,it 
.1  rnn--i,mi  Icxil  ill  the  iKinmictcr.  Scrfw  clii)  4  is  do-fd  and  tin- 
iiicK  iii\  iili-(i\t  d,  til  >cr  wlntlitr  tluif  i>  aiu  Irak.  I'mxidi-ii  tliiTc 
is  nunc,  clii)  A  i-  cautiiuisly  np-.-iu'd  ami  thf  iM(rcur\-  aljuwi'd  to 
t.ill  .iliir  i-t  III  the  lr\  ll  in  thf  its.,T\(iii-  ^  R-.  (lip  2  i>  tii;ht(  lud.  tlic 
tiiiiiinuirr,  /'.  rcniiiM'd  .{ml  tlu'  pump  turiu'd  otT.  I  )ct"iliiinatt'd  or 
(i\.ilal(  (I  Mdiid  w  hipped  (i\  blood  is  luiot  suit  aide  for  lari;f  classt'S. 
Imt  ill  aiu  CISC  Mood  Irom  .iii  ctlicri/fd  animal  imist  not  Ik-  used) 
i>  now  -II,  kt'd  into  the  toiioiiuti'r.  Ii\  placinc  sonic  of  the  Mood  in 
a  -mall  i\  aporatinj.;  dish,  .md.  with  the  ruMuT  tulie  dipj)in^i;  into 
it,  I  .uiliousK  loosininiL;  clii)  1  ;  A  to  I  cc.  of  hlood  shmild  hi'  .illowi'd 
to  enter  the  ti.nnnieler.  'I'lii-  i^  then  re.itt.iihed  to  the  T-pieee  .1 
ot  the  li.udiiKti  r  .ind  with  clips  2  .ind  4  open  luit  1  and  'A  closedi 
liie  pump  I-  iuriuii  mi  ami  the  niercurx  .liiowed  to  rise  a>  tar  as 
it  w  ill  i;o  when  cli|)  }  i>  clo-ed  and  the  pump  turmd  off.     ("lip  ^  is 
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.'(1  '.Mi 
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.iir(iiiri~  ill'-  iiiiiumrttr,  \hv  (lip  1  i^  thru  ciiii  n  in-l\'  luM^tntd  tt> 
li  I  .1  ilnip  i>r  i\N(i  ot  lilodd  tldu-  out  Irom  tli;-  tip  i>\  \]\-  -^l.i--  liiht-,* 
,1111 1  .itlcr  (  lo^ini;  it  .iiMin  thf  end  <it  the  liilir  i-  w  iiinl  In-f  i  it  Mnod 
.ind  pl.K  (  d  in  the  Imtilc  --i>  tli.il  it  diji^  iiiidrr  the  aiiuiiinii  i  -uliiiinn. 
(lip  1  i-  iKiw  (  ,iiiti(iii-l\  ii])riicd  ,iiid  aliMiit  1  (  c.  1 1!  Mddd  .illdwcd 
I'l  lliiw  under  the  .uiinii  ini.i .  II  tlii-  i~  dune  ( MtiliilK  tlir  MoikI  diK-s 
luit  ini\  with  tlir  .iiiiniimi.i  w.itir  \\lii(  ii  llnat-  nii  the  tnp  nj  it  as  a 
laNcr  .t\\<\  Ml  pif\"iit->  ,in\  diliii~idn  ut  (i\\iL;<n  liitwftn  the  lilodd 
and  the  ail.  I'lic  lidtllc  i-  tiniiU  <  id^cd  li\  il^  >(dp|it  r.  the  |)if-^tirc 
■  idiii-t(  r  liriiii;  iiuanuhilf  luhl  d|)tn  >d  tii.il  the  lr\rl  ui  the  i  ld\c  dil 
in  the  ni.iiidtniltr  i>  iidt  di-tnilnd.  'I'hi-  lidttic  ^nl^I  tin  ii  In-  >iili- 
nurv;t'd  in  a  w.itn -liath  cdntaininL;  watir  at  ahdul  I'ddin  tfni]Hia- 
tiirc,  in  \\hi(li  it  i>  Kit  until,  with  the  adin>lti-  (Ici-cd.  no  tnrtlur 
(diiir.Ktidii  dl  \dlimif.  due  td  cddliin;,  i-  dli-ti\fd  in  dccur. 

Thi'  lidttlf  i^  udw  finid\cd  ii'dUi  tlu-  l>at!i  and  \i^didii>!\' 
shaken  -d  tliat  the  Mddd  I  k(<  iiiit-  lakol  ami  ah-dili-  <  >_  lidin  thf 
atn!d.-p!u  !(■  dl  the  lidttlc.  (  )n  iiplaciiii;  the  lidiilr  in  the  hath  and 
alldwiiiL;  tiiiu-  hir  Cddliii',^  thr  ditU'rcnrc  littwtcn  the  lt\tl-~  ut  clcixc 
dil  in  the  tWd  liiiili^-  dt  llu-  niaiidiiulrr  i>  iidlrd.  With  tlu-  adiii>ttr 
dl)cn  td  the  diil>idi-.  the  ^tdpi)rr  i>  rniidxcd  tidin  the  lidttir  and 
al  M  lut  O.'J.")  (  .(■.  <  il  a  lit^liK  j)rrpai'fd  >at  uratiil  m  ihitidii  dl  pdt,i->uiin 
h  rri(\  aniilr  i>  plarcd  in  thr  >inall  tiatd  idt  tdiind  list  tiiln-.  which 
i-  llirn  ldwti((i  !iy  nif.in-  dt  a  ldiri|)>  intu  thf  tliii<l  in  ihf  ImttU, 
withdiit  alldwiiiv;  an\'  dt  thf  If  i  ri(\  .inide  td  mix  with  thr  lakfd 
Mddd.  .\ltfr  If in~f I'tini;  thf  --tdpjjfr  and  cddlinu.  the  lidtllf  i:^ 
a.uain  r<nid\fd  \vi>\v.  tlu  bath  and  >hakfn  >d  th,,t  thf  tfrrir\  anidf . 
Ii\  inisiiii;  with  the  lakfd  Md(»l,  dri\f>  dtl  tin-  ldd>fl\  cdmliiiifd 
d\\ m  n  and  iaiM>  tin-  pifssiiif,  whifh  i>  im\L-uifd  li\  tlu  inaiid- 
iiif  tf  r. 

Ihf  rflati\f  .inidunt-  dt  ndncfil  li.if  nid;^!' iliin  and  oxyhafino- 
Lildliin  inf-fiit  in  thf  Mddd  aif  prdportidiKil  td  thf  tir^t  ami  >ffoiid 
riMdinu-  dt  thf  iiiaii<iiiif  tf  r ;  when  all  i>  iidiKfd  li,ifindi;ldl>in  thf 
diinini>hfil  pri---iirf  >hrinkai;f  recdrdfd  in  ihf  tir--t  -liakiiii;  dl  thi' 
licitllf  i^  praitifalK  the  ^anif  a>  llu'  infrfa--fd  ]>rf>>iirf  iffdrdfcl 
in  thf  -f(  diid.       idif  \  \\  ill  iidt  I  if  f  \af  th  the  >anif .  >inff  thf  \  dluiufs 


*laic)iii.li  I'll""!  ^Iii'ulil  !"■  iiiii  iiin  in  liriiii;  llic  nil  ii!~<  u~  (if  lil(>."l  in  tin-  imio- 
liU'tiT  la  I  lu-  iii'i'ir  till    111,11  k. 
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,,|  iM.ttlc  ,111(1  tiil.iiii;  in  tlif  two  r.i-c-  an  not  the  -.iiiic  \<u\  tlu-  irmr 
:liii-  inciirnd  i'-  inron^fiiiKiiti.iI  Inr  nio^i  piiri)"-.-  it  \\i>\\r  -  I.iw  i. 
'riic  ctlcul.iti.m  '.f  ihf  juTd  iit,ii;(  -,itur,i)i.'n  .1  li.imi.  M^ldnn 
\Mtli  i>\\i.v\\  i-  iii.kIc  \>y  -iiliti.i.  lini;  tlu  tn-t  r<'.i<lin^  Ipmii  llif 
-,i,,ii(l,  <li\i(liiii;  li\  tlic  -.(•(. md  icidini^  .iiul  ninltiiiK  mu  1a  I'"'- 
>u|)pM>f  ill  tlu'  nl,-i  lA.itidii  iii.Hlf  .:t  •_'<>  null,  paili..!  pio-iiit  ><\  <  )i 
the  rir>t   rf.idini;  i-  "-'1  mm.  .iml  tin    -((und,   l<>s.  tli.n 

'  '''""    ^  1,10  _  77.(1';  ni.o  ,,iid  ■_'•_'.:'.' ,  H,, 
l(»s 

i'lif  n-uh  mu-t  new  lu-  plottnl  mi  (nordin.in-  ii.ipir  with  tlif 
pcrctiit.iLiCh  <>\  H„«)  .iloiv;  tlu-  nrdin.ilt-  .iiid  tlu'  partial  pii>-iin-  (.t 
(»\vi;rn  uii  tlu'  ali-ii^ai-.  Thi'  i\i»irinu'nt  -limild  \>v  nptatrd, 
ii-in:^  10  mm.  and  U)  mm.  pro-tin-  nt  (i\\i;in.  and  tlu'  t-<-iilt> 
-imilarlv  pluttrd.  lU  jninim^  the  point-,  tlif  di— ot  i,iiioii  curvt-  tor 
Mood  1-  ol.t. 11111(1.  (  arc  mu-t  \<v  t.ikni  to  -ic  th,i'  the  iioitU'  i> 
itVu  itiitU  -li.ikiii  -(.  lli.tt  llu'  i).irtl\  reduced  blood  .ili-orb-  .ill  tiie 
\\:^cii  ,iiid  ^i\i>  it  iil>  a.;,iin  with  lerrii  \  ,ini(le.  It  i>  p,irticiil,irl\- 
ill  the  litter  oper.itioii  th,it  (Mif  mu-t  lie  t.ikeii. 

The  Influence  of  Carbon  Dioxide  in  Lowering  the  Dissocia- 
tion Curve  can  he  re.idiK  -how  ii  li\  the  method.  The  procedure 
!-  a-  follow-:  Alter  the  prt->ure  ha>  lieeii  rediKcd  to  the  di-ind 
dcun-^'  ill  'hi'  tonometer,  the  latter  i-  jil, ucd  in  ,'  hori/ont.il  po-itioii 
~,  th.it  the  hlood  lie-  .ilonii  the  w.ills,  free  of  the  end-.  A  <  ^h 
u(  lur.itiiii;  .ipp.ir.itu-  Kipi)'M  or  .i  liottK'  cont.iiniiivi  tin-  i;-'^  '^ 
ihcn  connected  \<\  -uit.iMe  tulnnv;  with  tlu-  free  end  ol  the  toiio- 
mett-r,  c.irt-  lieiiii;  t.ikeii  In-fore  iiKikiiik,;  tht-  coiiiu-i  tioii,  to  till  the 
iiil.ini;  with  CO..  To  .ic((>mpli>h  tin-  a  -low  in.im  of  llu-  i;as  is 
in,iintaiiu-d  A\n\  tlu-  .lir  in  the  tuhiiii;  heyond  tlu-  -( it  w  i  lii>  i  i'- 
-i|iiee/t-d  out  before  coiiii<-(  tini;  with  tlu-  ("<  )j  i;i-iii  i.ttor.  1  lu-  nui-i 
-uit.ibU-  p.irti.il  pn— ur(  of  COj  to  work  with  i-  Ml  mm  ,iiid  to 
lU.iin  it  tlu-  (t  »j  apiiar.itii-  i-  first  ol  .ill  opened  ,ind  the  -( nw  clip  1 
.  r\  (autlou-l\  loo-eiu-d  until,  with  clip  2  optn  bm  '.'>  .iiid  1  cl(»t-d, 
ih.  merciUA  de-cend-  .d'out  U)  mm.  in  the  b.iroiiu  t(-r.  (  hi)-  1  .ind 
'J    in-  tlu  II  tiyhlK   -cnwed  down,  .md  the  toiiouu  m  r  remo\((l,  the 


iiithi-r  jin  K  ( 


(luri-  lit 


iiiU  ex.ictU    .1-  dexribi-d  .ibo\  e 


Tlu  i-tlt-c  t  of  the  40  mm.  ol  ((>■..  v  iM  b(  tound  in  ttie  .iiH:\e 
ex.imple.  when-  .i  p.irti.il  pn  --nn-  of  •_'<»  mm.  <  h  wa^  Uhid,  to  nduie 
the  perci-nt.im-  of  lib*  >  from  77  to  .ibout  :>.">. 
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THE    CO  -COMBINING   POWER   OF  THE   ALKALINE 
RESERVE  OF  THE  BLOOD. 

^1''  1  I  I  iin|>l(tniL.  the  i-lim.ilii.ii-.  in  (  i  -~,ii\  Imt  liinlii;-  iIm-  |.cr- 
<>i"'-"  "I  "W  111' niM-ldl.iii.  ill  tin-  rsiirriiiK  ii!-  ill  uliiih  (  (  )..  i, 
|>n-i  III  in  ilic  piiiMiiH  irr,  it  i-  nl  iiUtn -t  to  dcici  iiiiiic  tin  ,iiii..iiiit 
"I  ilii-  V.I-  u  ii!i  u  liii  h  ill.  1.1 1  .Ml  I  h.i-  ( ..111  Kill,  (1.  Thi^  will  r,.|)|-.-- 
-.11 1  ii-  .il.'lilN  1.1,1.  I  ,1-  ,1  hull.  T  i.iu.ml-  li.|ri-ii  .1.  ill-.  'I'"  jH  rl.  .i  iii 
'li''  '  -lini.iii.  .11  ii  i-  in  .(■--,  I  r\  ,  linu.  \ .  r,  1. .  m.-.i-iirc  ,ii  .  u;  mi.K  ilic 
.1111'. mil  '.t  hi...  ..I  uliiiii  i  •.■m,,\i,l  li-.in  the  i.  .ii,.m(i.  r  i.,  ihc  l>l..i.<| 
^.1-  l.i.l  il.'.  I  hi-  (  .111  ic.nliK  l,c  (1..II.-  |,\  alt.i.  hill;;  ,i  1  .  ,.  .  iiipcltt 
t.i  ihf  I  111. ill-  ..I  I  he  l..ii..m(Ur  1..  \  ..ml  .  !i|)  |  .  ,i  \,  \\  ili, ,],-  ,.t  l.|..<..| 
Ixiii-  .ill.iwc.l  I..  (-.Mjif  tr..m  ih,.  pijnii.-  lul.irc  .j.lis  .t  iii^  iiiidcr 
ihf  .imm..iii,i   -iihili..ii    in   the  li..|ilc.   ,ini|   |ini  .mt  i.  m-  l.iin.^    I.ikcii 

""'    '"   mI^'    •in\    "I    111''   llplU  r  l.iMl-  ..I    Mm...]   Ill, It    h.i.l   l.rcil   t\l).i-c(i 

'"    tiill    .ilm..-|ih.  ri.-    |)ri--iirc    w  litii    tin-    i.  .n.  niitl.  r    u,i-    ..pcncl. 

I  III-  1-  .■ii-m.<l  1,\  r'in.i\in-  iji.'  piixttc  lr..m  tin-  l..ii..mti.  r  liil.irf 
.ill  llii'  1 .1. ..  ..1  li.i-  run  ..iil . 

I"  'ii-l."l,i:f  ilif  ( '<  >:  tr..m  ilu-  1.1.....1.  tin  -ii.ppcr  i-  niniivtil 
u  itli  ill'-  li-n.il  pr. .  .iiili..ii-  .iii.i  .iIimui  O. ■_'.">(...  ..t  ,i  -.iIiumIcI  -. .hiti..n 
"t  I. III. nil-  ,1.  Ill  pla.f.l  ill  the  -m.ill  t. -i  inlu  .  Al'ltr  .l.i-in-  .md 
.lil'iwmu  I'll-  irnrpriMtmc  cii.m'j^. -.  the  a.i.l  i-  -li.iktn  Aiih  tlu' 
nii\im.'  ..I  M.i.iil  .m.l  Iciri.  \  .ini.lr.  ,iii.j  ihr  (().  ilurcliN  i\..l\f.|, 
nHM-mc.l  l.\  miiliiiiK  in-  the  (h-pl.i.cnicnt  <■!  the  liiii.i  in  iju- 
ni,m..m(ltr  li\  a  tiuurc  lIu-  cim-ianl  ..I  tlic  apparalu-  ..litainc'l  l.y 
a  piclimiiMiA  i\p(rinunl  in  w  hi<  !i  a  kiuiwii  anioiiiil  <.f  a  ^lami.ird 
tarli'.naif  -i.hiti.in   i>  -imilaiK    'rr.ili.l. 


SIX  1  IO\    \ 
SPECIAL    SENSES 

cii.\rri:K  wii. 

VISION. 

Ill  iinli  T  to  u.iiii  .icciiiMlf  inldnn.iticpii  llii'iiu.;li  llir  -rii- ■  <  <\  ~i,;lit 
.iln^nl  iilijici-.  ill  the  (Atcni.il  unrM.  tlnir  -I/i-  ami  --'i,i]if,  .mil 
ilicir  |ii  i~ii  ii  111-  rfl,ili\f  III  (iMi-  .indllnr.  t\\(i  ihiiii;^  .iic  int  t-^.irw 
i  licic  niii-i  ill  liir  Uv-'l  pl.ii'f  lie  ,1  -rmip  i>t  ci  11-  -  ii-itixc  In  lulit 
w.iM  -  .i;n!  -  I  ciiniuctiil  In  llu-  iciuimI  iur\iin-  -\-itiii  ih.it  -tiimi- 

l.ltinll    el    ,lll\'    part    n!    t  lie   -' Ml^i  t  i  \f   Mirt.Hf    L;i\(-    n-f    In   .1    -fll-.lllull 

ililTficiit  trnin  lli.il  (  ,iii-'.(l  \>v  --tiiniil.itic  ii!  nt  ,in\  nthii  p.iit. 
'-^(((iiiilK  Millie  >\ -Uiii  <it  Irii-t-  i>  iirnKil  -n  that  t  ai  li  pniiit  in 
till-  -  -ii-iliM'  la\rr  den-  ixit  rticixf  ray-  Imiu  all  dine  linii-  in  tin- 
(Atcrnal  lulil.  hut  ii.i-  tncii— til  nil  it  miK  tlm-r  wliiili  ari->'  tmni  ,i 
-iii^lf  part  nt  tin-  I'uld.  In  the  f\r  tilt-  -cn-itive  ili  iiuiii-  .\n-  <(.ii- 
t, lined  ill  the  retina,  ,iiid  tlie  enrnea  and  leii-  tnL;ether  make  ii|)  the 
tncii— iii',^  ai)p.,UMlu-.  In  the  di-i  ii— inn  and  experiment-  w  hii  h 
tnllnw  we  >liall  tir-t  (■nii>i<ler  the  u.i\  in  wliicii  li^tn  \sa\t-  are 
hrnui;hl  tn  a  Incii-  in  the  e\f  ,i\\<\  later  tin-  re-pnii-e  nt  ihe  retina 
tn  tlu  ni.  Hetnre  takini;  up  the  <nmi)le\  arr,niui"i*iit  nt  relraeiiiiiL; 
-u ri are-  \slii(h  e\i-t  in  liie  lye  it  i-  well  In  ri\  ieu  -nine  nl  liie  -ilnple 
c  i-e-  nl  tile  tOrniatinii  <it  ima^e.-  Imtii  li\  leii-es  and  li\  mirmr^. 
Althnu^h  the  ln(u--int;  in  thi'  vyv  i-  entinK  dniie  li\  retrartin^ 
Mirlaeis  and  retleetinii  pla\s  iin  p.irt  in  it,  it  i^  li\'  n  tleeted  ra\s 
that  niie  examine-  the  (■()n<liti()n  of  the  eyt-  a\\i\  nii  tlii-  ac  eniint 
it  i-  iie(t»ar\  In  lui\e  clearly  in  mind  the  law-  whii  h  underlie  ihe 
retlectioii.  a>  will  a>  tho-e  ot  relr.ietioii. 


Physiological  Optics. 


Reflection. 

When    ray>  ot    IikIu    di\tri;iiii;    tmm   a    pniiit    .ire    retleeted    hy 
a  mirror  their  mur-i'  i-  >o  ( li,ini;e<l  tli.it  tlie\  .qipe.ir  to  .m  oli-er\er 
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^li 


5M  i 

nil 

V  '  e 


r_'i 


l.\n  ki\ii  \  I  \!,   I'm  -\<t\  (M,^ 


(<>  <  I  >iiu-.  n<  it  111  iin  tin   ,i(  I  ii.il  111  I]!  I  t  il  -lit.  In  It  hi  ini  -i  itiic  <  iilur  poitit 

klU'WIl    .1-    tll(      l\l\i.l     lit     tll.lt    (il>it(  t  l„l(  ll    priiut    nil    ,1    llllllitliills 

i>l>)t(t  li.i~  ,1  |)cpiiit  iin,n;c  ( iiin-^|)iiii(lini;  to  it.  Tin-  pi  .-it  imi  nl  tin- 
illl.li;!-  nt  tin  wlliill'  (i|)j((  t  lll,l\  lie  Idlliul  ti\-  (liliniiii;  tin  im^itinil 
(il  till-  iiii.ii;i   I  it  t\[(  h  I  il  it-  I  At  K  tin-  di'  limitiiii;  (n  iiiit>.      Ti  >  tun  I  t  Ium- 

one  ,ll)|ilir-   till-   I    \\\'-^  (Il     Kl   I  I  I  I    IIMN,   ullii  ll   -.t.itr      1      til, it    tllf   ilici- 

<!fiil  i.i\  tli.il  i-.  till-  |-.i\  IkIiiic  h  till  limi  ,  till-  nllcctcd  r,i\  .  .itid 
the  JK  r|niiili(  iii.ir  tn  the  -iirt.iif  ,it  tlir  pniiit  nl  iinidtiK  c.  .irc  .ill 
111  iiiu'  pl.iiir,  and     2     ill. It   the  .in  Jr  liciwdii   the  iiii  idi-iit   i,i\'  .itul 


I'l'..    ;t* .     T'l  illu-ti.itf  Ihr  lorm.iti.'ii  ot  .tn  itn.i^r  !•>  a  iil.ii'c  niirrur. 

till'  iKrpiiidiciil.ir  nr  t!u-  Wt.i.i,  i  >i-  i\i  iiuAi  i;  i  i-~  f(|ual  to  th.it 
bftwiiii  tlu-  jiiriniidiciil.ir  .ind  the  iitltcti'd  r,i\  tin-  .\\(;i.l-.  til" 
Klllit  ii()\'.  lii^.  '.\~  >h(>\\  >  the  (■niistriHtidii  tur  ,i  iilaiif  tiiirror. 
I'(J  i>  ilu-  (ilijii  I.  I'A  .md  V\\.  inridi'iil  r.ty>.  and  W.  Am\  \M\  tin- 
prri)»iidirnl.ir>  In  tin-  -ml, ice  at  the  jiniiit-  ul  incidcnrf.  Tlic-i'. 
tniLitihir  with  llir  nlKctcd  im\-.  .\l"  and  \M).  ,irr  ,ill  in  tlu-  jilaiu' 
()t  till'  papir.  i  and  :'  .ire  the  .iiiuK-  nl  inridtiicc.  .\tttT  rrtli'ction 
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I     .1  hii-  wIikIi  Iki-  .1  tiii.il  liii'^ili  lit  1  lilt    iiiftn-  .iiiil   ilii-  iv  -,ii'!  in 


ii.i\  (■   .1    -tini-ili   lit    iiiic  ilinptn-     1 ) 
1 )  -  -I  rtiiL;l  li  II!  I  lii  ijil  n  -1. 


,    u  lit  If    I     ^   tut  ,il     Itiiutli. 


Refraction  in  the  Eye. 

1 1  I  III    I  ,i\  -  Il  I  'iji  .III  .  p1  ijii  '   |p.  1--  111  1  111  ir  I  Mill  -I ■  I  III' 111- li  .1  -111  '  1  --1I  .11  I.I  I.  I  II --in i; 

-111  1,1.  1-.  .1  .  ,||.  Ill.ll  !'  .11  .>!  ill.  I'.  .-1!  1.  'II,  -!/'■,  1  I.  .,  Ill  I  hi  lllM.,!-  U  In.  Il  I  ll.-\  Illl.lIU' 
I'll  III  I  .III  I  "  11 1. 1  ill  .ll<  III-  I  hr  hill-  \\  !l  II  il  Ui  ll.l\  !■  Ill'  Ill.ll  111  I-  |i  111'.;  .1-  1  hr  -III  1,11  1  - 
.111  "11 1  \  1  wn.  .11  ,it  Ml.  1-1  I  111  rr.  in  11 II  11.1  II  r  Will 'II  ill.  \  .111'  nil  .n-  i  li.m  l  li.il  l  i;r 
I'l'il'liiii  I'll.. nil-  iiiiu  1.  I' il\  .  Ill  -11.  li  .1  I  .1-1.  In  i\vi'\  1  r,  II  i-iiliin  |'ii--ili|r  l'\ 
ill.ll  111  in.il  1.  .il  1  ,il.  Ill.ll  11 .11  I . .  .11 1 1\  r  .11  .111  i.l.-.il,  .  .r  ini.i^;ii.ir\  ,  -iii^lr  i  i.iu  •  \  riti  .n  I  • 
iir^  -iiil.i.i  ulu.  li  will  Im\i-  .i|  .] 'M  i\im.iir!\  tin-  -.mii'  imWir.i-  ili.n  n!  ill  i  In 
-111  l.ii  .-  I .  .^.I  111  i  .  1  .  .1  I  111-  I  In  I  1.  Ill  .  .1  .  iir\  .il  iiTi'  .111.1  tin  II  1 1,11  1 1\  1-  Ill.ll,  1  -  ill  .ill 
i!iii-l  1  '1  1-ln  i\\  n  .1111 1  I  In  -III  1.1.  1-  iiiii-I  III'  "  1  1  111  II  i|  "  Sill  t.ii  .  -  .111  -.liil  1 1 .  l.c 
i.iiln.l  •.Unii  ilii\  .ill  ill'  .ill. Ill;  till'  -,in..  |iiii.  ii.il  .i\i-.  I  i^lil  cniiimi; 
ill.'  i\i'  li.i-  111  j.,1--  'iii.iii-li  I  1.11-1'  iiiiinl.ir  .il  iitr.iiiiii:;  -iiil.i..-, 
llii..ii-ii  .iiiiii.i.  .11  [Ui'i  111-  liiiniiiiii.  1.  11-,  .111.1  \iirriiii-  l.iiiniiui",  (II  thi-t', 
ill.  1  .  11  In  .1.  I'll  .n|iiri  HI-  111  III  II  nil  .iii'l  lln  \  '1  ii  i  ni-  liiiim  iin  li.i\  i-  1 1  li  .nt  iv  i  in.ln  i'- 
wlii'  li  ,11.  mil.  Il  .iliki  ,  .ill  ,il...iii  I  iji;  il  111  ill.ll  1.1  «,iii  1  jj.  1  .;  ,  rill  I,  n-  i- 
ill  ii-i  r  .111'  i  .ill  I  '.II I  -  I  '1  11  li.i\  r  111  il  I  In  -.11111  1  I  nil  I 'I  i-il  n  111.  1 1  i-  iii.i.li  ii| .  .  .1  m.  .ru 
I'l  !.  --  .  "11.  ini  I II  l,i\  11  -  .i!'. 'in  .1  1 1  111  i.i!  1  "1 .  ,1 II. i  1  111  .Ini-ii  \  iiu  i.  .i-i  -  ir.im  ihi' 
mill  r  l.iM  I  -  u  1  in  1..  I  111'  1  i.H'  u  1.11  Wlunllii'V  iiii  i  r  I  lir  1 1  unr.i  linni 
I  III'  .iir,  li'^lii  i.i\  -  11  111  1 1  1  -.1  ill.'  1 11.1  in  1 1.11 1  III  t  111'  ii'Ir.ii  l  n.ii  u  In.  Ii  ...  .  in  -  in  liu  tAc, 
|.i. .111-1     l!ii'    .liii-ilii-    ..I     lllr     Iw.i     inrili.i     .11.      -11     .liltiiiiu  lllr    ..llnr     r.ili- 

M.li  I  .il  ill   ?  ili.i.  I  ii  HI  .11  III  -  "11  I  111   I  i.i— .ii;r  1  it  I  111  r.i .  -  I  liruiuli  I  lir  lU  n-rr  -ii!  i-i 
I'l   llu    1  I  \ -l.ill;i!r   II  n-        In  lln    iiini|ili'\  -\-lin>  iil    llir    i'\i'  llu     rilr.n  liv  i-    ■ 


'in  -ii  H  1  pi,ii  \i    I  )i'ri< 


t  tu'  r.i'Hii'  mI   1  iha  ,iI  nic  111   i  ,u  h   ]■  ii  I    ;-  I, ii'  i\\  i    .iii'l   1  In     -in  I  n  i  -,  .in  lip.iuli 


iki     It    pt.~~;l  !i'    ti.    Im 


!  .  ,t    ,11  (  iii.iii  l\    ciiurr.l.   .111     -i.tlii  ii  III  l\    ni.uK    -i  >   tc,    in.ikr    it    i '- 

ii  luiii.ii  a  .ilU   .t  -nuir  -MI  1.1.  I-  ulih  li  n  pi-i  -I  lit  -  1  111    uln.lr.       I  111-  1-  ii-i  il  111  r  hi' 

.  -i^l  nil  1  iiiM  "I  1  111'  --I  HI  \l  \  Ml    1  ^  I      lull         1  111   -111^11    11  li  .11  I  '.lU  -III  1.11  I    I-  111.1' I' 

';.    ,1    Irw   iiillhmil  n  -   l.iliiii.l    till'   n  ,il   ihiih.i        In   llir    iiii.ii  i  i  iiinin  h  i.iii  il   im' 

-'  iiit  .  il.]!  I  I  -  .iri'  I  li  ,11  !\    -I  I  II,  w  liii  li  iiiii-l   iiir.iii  1  li.ii   1  111    1,1  \  ~  111  nil  1  ill  111.  ulr.  Il 

II    |i,ir,illi'l     III-  111  .It  K    -II,  liii  111  -JKii'ii  iiii,i,;r-  nil  t  111'  livli'    -•  11-11 1\<    -lit  I.  u  I  I  111 

.  iMi  lin-   -iirl.ii  r  I  il   I  'i-  -   III 'II  1.1 1  u    I  \  1  ,  til  11  |iii-<  111    tin-,  li.i-  n  -  |  i  iiu  i|  .il  !■"  ..1 

.   ,!!i      nil     tin      IliltM.         I'liilll     ,1     lli-l.llll      |ii.lllt     lilij.'i   1     -ini.lli'i!     Ill    .in\      I'.lM     III     llii- 
V  ! -11,1 1   111  III,  W  I    kill  I'd    till     1  .  .Ill  -r  111    .    Ill'   1,1  \  ,   I  ll.ll    \>  llli  11    1-  line  I  11  il    -M.il^llt    I.  '1    tin 

.'.nl.il  |M.iiii  III  I  111    -iinplilii  .1  i'\  1'  ,iiii!  ulii.  li  ;-  lint  I  li.  Ill  ^11 1  ill  ii-  I  in  II  t  h  .ti  In  Inn 

,.  liMiu  '  111    lit  111.1        11\    till    I'l  r\  lull-  .ii',,!liri'iil   \M'  li.iv  I— In.wii  I  li.it  ..•//  i.i\  -  Ir.iiii 

-i,  h  ,1   [11.;  Ill    nil  .1    ,,1    I  hi    Hi  111,1,         I  111  II  lull    III  lull  I  till    llii.ur  nil  I  hi    liI  itl.i  .it  ,ill\ 

.  i'ji  (1 ,  .ill  ui    III  1  '1  In  .1.1  1,  1.1  .|i ,  iw  -I  i.i:  ^lii   I'iii  -  li.iiii  11  -  limit  iiu  I 'I  mil  -  i  himuli 

.  '..     11.  i.hll    |.nill'    I  'i    I  hi     -I   lli'll.ll  i.     1   \  1'. 


1  1.,     II         111.'  ii.irii.ili.il    III  , in  1111. ii;>-  lis   I  In- .■>  >•  .i-  n-l'li-'-iit'-i!  ti\    tin-  -i  hi-in.it  i.    fv. 


It  will  111'  -It'll  ili.ii  .iciMiilim;  111  ilii-  ti  iri".;i  liiiu  i  mi-irin  tii  m  iiu- 

1  tiii.il    iiii.iuc   i-  .111    iini  iliil   mil'.       I'll, It    w  I    iiitirpnt    tin-   in  mir- 

-I  K  t  -  .i>  .in  crt  (  t  pii  Hin-  lit  tlu-  nliiri  l  in,i\  .it  tir-l  -i.L;lit  .ipju  .ir  ( i  lU- 

!i;-'nu.      It   --ln'iiltl  It-  rinii-inl  ircd.  In  .w  cn  ti ,   lli.il    \m'  ,nc   imt   Imiii 

'a;;1i    iIu'  t,i(iilt\    (it   ,1^-1  ri.itii'v;  -tiinnLitiiiii  nt   .in\    p.ir  it  iil.i,"  ji.irt 

!   I  In    ntin.i  w  illi  tlif  pn  -t  IK  f  nt  -<  nii-  <  ibit  i  i   in  .i  ji.irtiriil.ir  p.irt 

.;  tin-  cxttTn.il  w  <  rlil.     We  li.itn  tiii-  in  ii.l.iinN    thniii'i^ii  mir  nilu'r 

.  11-1  -.  ni.iiiiK    t  he  -(  n-f  nt   t<  m  h.     1^  i  .iii-c  .i  jinint  nii  nni-  -idi-  nt 

1    niin.i  i-  ,i-  ,i  ni.ttti  r  nt  t.u  !  ,ilu,i\-  .ittc:  ltd  li\  lii;!it  Imm  muiu- 

■|;i(t    V.  Illcll    \\  I-    kllnW     li\     nlir    ntln  r    -inx  -    In    In      nn    lllc    nppii-itc 

-nil  i>t  llu'  tu'lil,  \\>'  tnrin  liif  li.iliit  nt  intiTprri  in^  ilu'  -i  iinui.ilinii 
ill  ilii-\\,i\.  \\\' .i-Mifi.iti- >iinuil.itinn  .  it  tlu- ri'^lit  >i(lc  nl  tin- rt'liii.i 
A  nil  till'  priMiui'  (if  snnu'lliini;  in  the  Kit  -idc  nt  tlic  \  i^^Ml  tuld 
iiid  -n  (in  I'd  put  tlu'  111, lilt  1  iimrt'  ;,;»  lur.dK  ,  \\>-  nttT  >tiiiiiil,iti()M 
"t  .my  ]),in  n!  tlu-  ritin.'.  tn  tlu'  prt  xiuf  nt  Munr  nliu'it  in  llic  nut- 


m 


i;{2 


I'm-i;kimi.m.\i.  i'liv-^ioi.di.v 


side  world  -ilii.iicd  aldiiK  the  line  uliiili   iiiin>  tli.it   part   with  the 

iiod.il  ixiint  <it  iIh-  r\c      'I'h.it  thi>  i~  actiially  thr  (  a-r  nia\-  l)f  st'fii 

Iripin  the  lolliiw  iiii;  t  Aiu'riiiitin. 

Experiment  49.  (lo-r  the  riylu  rw  and  dirt(  t  tlic  cw^  a>  far  as 
pip.-ililc  to  llif  Icll.  With  thr  lij)  ii!  tlif  tini^tT  pn-^-  h'v;ht!\-  on 
the  riv:ht  t\f  at  ihllcrcnt  pnint~  near  tlic  iiiaruin  ot  tlic  urliit 
and  rmti-  thr  jx i-itii in-  in  tile  \i-nal  tirld  ol  the  ri>ultin;.j  "jjIkis- 
phcni  ~ ". 
Ill  thi-  fsixrinuiit  althuii-h  we  pn  -•-  the  ri;^ht  -idc  i<\  tin-  retina 

all  the  li^!u  >i)iit^  u  liii  li  we  -cc  .ipix-ar  In  In-  mi  oar  let  I.  in  the  upper 

tield  it  we  |)re<s  lie  low  and  in  thr  low  cr  it  we  pre—  on  tin-  upper  jiart 

:it   the  e\ilial!. 


CiiAfn^ER    Will, 


ERRORS  IN  REFRACTION. 


PHYSIOLOGICAL  ERRORS.      ACCOMMODATION. 
SPHERICAL  ABERRATION. 

In  the  (i»-(rii)ti(in  of  rt-fractinn  by  !riiM>  it  h.i>  Ixiii  >t.itt(l  tli.it 
,1  -pluric.il  Uns  l)riiii;s  all  tlu'  r  i\  s  tmin  mn-  pnini  on  tlu'  dliicrl  to 
A  focus  at  thf  s.inif  point.  As  a  matter  of  fact  tlii--  i>  not  >tri(  tl\- 
^p^■.lkinK  thi'  case.  The  rays  whidi  pa-'>  throUL;li  the  outer  larts 
i.f  the  lenses  are  more  refr.icted  than  tlioM'  nearer  the  centre;  they 
are  thtTefore  hnui^ht  to  a  focu^  a  little  in  front  of  tin-  central  ones, 
and,  passing  on,  blur  the  'nLiiit'  \vhi(  h  the  hitter  form.  The  ditter- 
enci  betwien  the  foci  heconus  i;riater  the  ne.irer  theohject  and  the 
more  di\i'ri;ent   the  ra\s  trom  it. 

Experiment  49.  1-ill  the  Ixittle  with  water  .md  use  it  .is  a  lens.* 
Coxtr  the  opening  in  the  lantern  1)\  the  diaphragm  with  a 
2  mm.  oi)enin^,  and  sit  it  about  .i  meter  au.i\  from  the  bottle. 
Move  the  black  serein  in  the  pencil  of  lii^ht  coming  throuy;h  the 
lens  until  you  have  the  li^ht  as  sharply  focus>ed  on  it  .is  possible. 
Note  that  the  region  on  either  side  of  the  focus  is  dimK'  li^'hteil. 
interrupt  the  lii,dit  coming  throUi^h  the  nuter  ]).irt>  ot  the  lens 
and  note  th.it  the  focus  becomes  shari)er.  lUinij;  the  l.tntiTn 
nearer  the  lens,  set  the  screen  .it  the  new  focus  and  interrupt 
the  outer  refr.icted  niys  .is  before,  'i'he  improvement  in  the 
sharpness  of  focus  is  more  m. irked. 

Cover  the  round  opening'  of  the  optic.il  box  with  the  clear 
i;l.iss  slide.  Set  the  bottle  immedi.iti  !y  in-ide  the  opening'.  IikIiI 
the  incense  in  the  cork  .md  cover  the  box.  When  it  h.i>  hlled 
with  smoke  ])hice  the  1. intern  .iboiit  .i  meter  .i\v.i\  ,  so  th.it  ihe 


■  riu'  lens  in  ihis  ('.i>c  is  of  course  .1  (  \  iimlric  .li  one.  Sim  i-,  Ii.iwcmt,  wc  h,i\e 
I'l  ilo  cinly  with  those  ra\-  wtiirli  (iivcrnc  hnri/onl.ilK  ,  m.c  in.i>  um-  llu-  nfr.iction 
wlii'.  b.  !  h.p  rsirvt*;!  surf. tee  i-tTiTt^-  in  llv-.-e  !'»  r»ji*ri>*jnt  r'/tra'-.  0',»!i  b\'  titiv  one  pl.tnc 
i>t  .1  >jiluTii\il  kn.-.. 
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I    \l'l   klNII   \  I  \l      I'lIN  -I'll  '  11  A 


IM\  -  p.i--  tlliiiull  till'  liiilllr.  .illil  l(i(ik  .lilC'lK  ili'Wll  iiM  thi- 
ll It.K  till  f,i\-  I  lit  1 II  iiiiul.irit  -  cit  ihc  li^lii  |ii  111  il  .in-  (luviil. 
.nwl  imi  ]il,ini  ^inl.irt  ~  lii(,iii~(  tin  i.iiiii  i.i\-.  l»iii^  iii'iic 
ifli.ii  iiil  ili.m  I  he  iimt  f,  iiittr-t(  I  tlir  l.iMi  i .  M.  .\  i  tin  l.iiiiri  n 
III  II II'  .1111  i  111  it  I  ■  lli.il  t  111  1  iir\  ,ii  nil  1  it  the  -ii:  !,i(  1  -  i  mi  n  .i~c^. 
I  III'  n  Ir.irliiiii  111  till  1  At  1^  cciMtriiil  liif  -|ilifni  .il  ,il  n  i  r,iiii  mi  tu 
.-  iiiii    1  \ii  lit  1 1\   t  lit-  ililit  Hill  I    ill  tile  ft  1 1,1 1  1 1\  r  imlii  t  -  ill  I  lit'  (littt  r- 

I  lit  1 1. 1  It-  III  till-  It'll-.  Tin  1  inli.  il  r.i\  -  1 1,1--  lliT'iiiii^li  till-  |i.ir!  1 1| 
till-  liii-  wliirli    -  ilif  iiiii-l  iliii-f  .111(1  -I  >  till  \   ,iH'  n  l!  11  III]  iiiiiii'.  Ml 

I I  iiii|  1,11 1  I  III  with  ilif  r.i\-  iliriiii;^li  till    ]nri]ilnr\.  ,li,iii   liii  \    wiiiiM 

1  It     1 1    .ill    lilt'    1,1  \  (I-    \\  .  Ti     III    1  lie    -.illiC   1  1  111  Ij  II  1-1 1  II  111 . 

Chromatic  Aberration,     lijln  w  hirh  .ni-t  -  tri.ii!  ulii. .  t-  -it-n 

;mi|ir  ''mIiii.iia  t  in  imi-i.mt  r--  I-  ni.iili-  u|)  nl  w.ivt-  nt  ilititrcnl 
Ii'ii'-.lli-.  In  p.i--iiiu  tlinui'^li  till-  nil.  irtiiu  im  ili.i  i  n  li  w  ,i\  f  In  u  ill 
i^  licnt  til  .'I  -liulilK  (lilttn  ni  iaIi  iit  .mil  llii-  (.iii-f-  .iinitln  r  t  rrnr  iti 
till'  rili.ictii  in  (i|  lilt'  i-\t  .  'lilt  -limit  r  u.i\t>  ul  ilic  \  ii.lt  t  tiid  "\ 
till-  -iicrlrmn  .uf  Innii-lit  tn  .i  lucii-  iit.m  -t  llif  It  n-.  ihf  imiu  mit'-' 
lit  tlif  ltd  tiiil  .111'  lf,i-i  nlr.it  ltd.  wliilc  tlif  Ic  i  nl  lliii-c  nl  inlt-r- 
nuili.ilf  Itii'^tli  he  liftwttii  tlit'-f  I  u  1 1  (At  It  nil-. ' 

Experiment  50.     Chromatic  Aberration  in  Refraction  by  a 

Convex  Lens,  ^it  in  timit  nl  thf  Mpcnin'.,  nl  thf  l.niitrn  tlu' 
■vinunttl  i;i,i--  MT.  1  n  .iiiil  lilt-  (li.i| ihr.r^in  with  .1  _'  nun.  ii|)inni^. 
1  'l.it  f  t  lif  1  ill  II  k  III  ill  li  IK;  till'  ■!  iiu  I  \  It  11-  ,ilii  lilt  1 ."»  tin.  I  iiiiii  I  hi- 
ii|)rnlii;^.  1  -in^  .1  -lit ft  111  p.iinr  ,1-  .1  -t  ittn  innvi-  il  li.n  k  .ind 
Imtli  in  till'  p.ith  nl  dir  n-tr.irl  iii'.^  liulit  until  Mm  Imd  tin-  tnrii^. 
Nntc  til, It  11  1-  iinl  pint'  wliilf.  lint  111. nil-  lip  111  I  nlnnnd  li.iiid- 
('n\tr  llic  riulit  ti.ill  n|  ilif  Icn-  with  .1  cud.  Idu-  li.;!u  li.i- 
\  inli'I  t!in'.^f.  I  ntiiNcr  tlu-  Kn-  .iiid  iinAf  tin-  -t  rttn  ,1  lililt- 
ni'.nt  r   in  it.       Tlu'  tli-i'   li.i>  ,1   xinlinl    cciitii'  .nul    iid   linnlti. 

Mn\f   tlif   -I  It'til   ln'\nllil    till-   Iiu  n-.        Illr  tnlnnr>  nl    tllc  dl-i'  .111' 

H'\  I  r-t'd. 

Experiment  51.     Chromatic  Aberration  in  the  Eye.     (  n\ir 

Willi  .1  t  ,ird  till-  niiicr  li.ill  nl  tilt'  ri'^li!  pupil  ,ind,  (lii>in^  tin- 
Kit  t\f,  Innk  ,ii  .III  tltt  iiit  li'.^!ii  likmitnl.  li  .ippt'.ir>  in  li.ivc 
.1  ltd  Imrdtr  ,it   tlif  riulit  .ind  >i  \  inlet  mit.'  ,it   ilif  Kit.     I  >r.i\\   ,1 


If   \\  .1  \     111    w  1 


I    tin  Mil.  11  M     .1  1  II   M  .1  t  M  III    I-    I  !•  'lit     .1  \f  1  \      ,\  11  It    111    M    ll-t   -  I  i|    lillt- 

iiplii.il    in-l  I  ini'.i  111  -   li\    n-in..   I,i\ii-   nl    ilillinm    ili-]'ti-i\i    imwcr,   llif    -iiiiliiii 

1-   11  It  1  1  I  il     hi   111-     I  r\I    Ik  II  ik-  f  11    1    i^ht  .         I  lull     1-   II.  ■  -111  !l    .liliu-I  Hit  111    in   t  llr  f  \  f . 


l.HK'ik-    111      KlIKM    ll(>\      \\l>    .\i  I  I  >M\li  111  \  I  |M\ 


.1  ■i,mi  ■  ;  till-  ('<iiir-f  111    tilt-  ml   r,i\-.  ,iiiil   i 


if     tin-     \liilit 


1  Mil- 


■■? 

3 

i 


II-IiIl;   till    -rl)rm,llic  (  \r.      ,iil  lAJiliin    lllr  ,l]ili.lt(!ll    1  I  >lltr,lilu  I  |i  ill 

I  ilwt  III  ilif  11  ~ul!~  1 1|  tlii~  .iiiil  (it  ilic  |in(  nlini;  <  \|M  riiiit  lit , 
\\  lit  n  Uf  turn  mir  t\f-  tn  limk  ,it  ,i  i  <  rt.iiii  uliji  i  i  \vc  li.iliiiii.ilK 
pi.  II  I-  lluni  Ml  I  In  I  tin  iiii,i.;f  t.ilU  I  111  till-  ti  i\  r.i  miti.ili-.  1  hi-  i-  I  lie 
]  1,1 1 1  I  it  tin-  ntin.i  w  liii  li  i--  i  .ip.ililf  <A  -r<  in.:  im  i~t  .niiti  1\  ,  nt  in.ikinu 
1  ■III  ililtrniur-  -iiKillir  ili.in  1 .111  I  If  lull  (  i\(il  li\  .iii\  I  ii  lit  I  ii.iri .  ,iiiil 
I'lf  liiif  w  hii  li  11  miu  I  !->  it  with  t  hi-  in  nKil  iiniiil  i-  cilli  ij  liir  \  i-t  M. 
\\i-^.  It  thi-  (  1  iiri-|ii  imltil  wiih  tin-  iipticil  ,i\i--  llu'  rtli.ni  h  iii 
uiiiilil  Ik-  tin-  ln-t  th.il  tlif  rctr.ii  liii'^  iiiidi.i  nt  tin-  t  \f  .nf  (.ip.iMc 
( it .  Ill  poiiil  lit  t.K  t .  hi  i\\  t\  tr.  tiit-n-  i-  .in  .iii'clf  nt  .il"  mt  "i  IkUm  in 
tlif  t\\(i  .iini  thi-  i-  a  -li',^lit  .iililitiuii.il  -nunf  nt  tTnif  ir.  tttr.H  timi 
ill  ihf  i\{-. 

I   KKi  Ik-   I  I  M'lM  ■  |i  I  III    I'  \  1 II'  il  I  '1 .11   \l  .       1  111   lii  II  1  I  -  ill  I'  Ir.ii  Mun  wliii  11  li  i\i' 

1  .1  I  n   ill  -1  1  II  ■(  '1    -II   I.U    ,111     |i  HUM  1    Ml   i\  I  I  \    1  \  1,        .  N-    Will   ,1-   I  In  -r   I  l:i  11     .11  r   -i  \  i  I  .ll 

I  \  [.(■-  (il  1.1  nil  \  liiMiM!  il  II  I'l  iir.iui  -  \\lri  11  .11 1'  "111  II  t'linil.  .in\  I'ln  nl  uli  i  I)  it 
:•   I-  ,it  .ill  I  ir<  nil  I II  III  ill  iii.iki-  llii    \i-ii  II  l!  lliiiAi    .itiniiiiii.il, 

Nl  \k-Sii,Il  1 1  liM  --   iil<    M\iii'i\        In    iir.ii   -i.:iitii|    .\i-    li^lii    li.ini    ili-i.iiH 

I  il'ii  (  I  -,  I  li.ii    i-  tiir   pi  .11  I  H  .ll  I  III  I  ii-i  -  I  .11  .illil  li'^lii .  1-  I'll  mull  I  111  .1  ' -  III  II I  '111 

■  I  till-  n  I  in.i  in -I  I  ail  nt  r\arl  l\  i  ii  il .  1  l;i  i  i\  -  i  |i.  n  t.  n  i  u  luii  i  lu  \  1 1  .h  li  t  hi 
'■  1 111,1  an  ,ilii  ,i.i\  iIIn  1  rj:iiiL;  tn  'in  l  Inii  li.i  n-  in  I  i  In  \  li'iin  ,i  Mi;:  •■n  I  In-  Ivlil  • 
-in-ili\r    l,i\ii    in-l(,iil   111    .1    -li.irii   ;  "inl    I't    li'.:lil      1  i^,     !_'    !'>  Ilr-    ni.i  .    l"- 

!  I .  .111-1  I  ill  I  niA.il  lire  of  1 'Ilr  CI'  all  1  !  l  In-  n  ti  u  i  in.:  -iii  t.a  i  ■  i-  iinn-ii.ilK  -li.ir|,.  tin' 
il  ii^:  ll  I  t  I  111  IN  1  1  .ill  1  '<  ili'U  II  IT  I  lull,  I  I  It  iiM\  .  .1-  1-  nil  re  til  iiin  M  l\  I  in  '  .i-r,  I  'l' 
lilll■  to  .III  iiliii-ii.il  lrii^;t  h  I  it  I  In-  I  \  I  I  .ill .  I  In  n  :-  im  |  ih\  -ii  i|i  i^'i  .il  i  i  n  1 1  i  i  ii  m  li  ir 
t  111--  romlil  ii'll.       In  |il",i(  I  il  I-  il   i-  II  it  itii  ll  t'\    I  1,11  .nu  in  til  lilt  I  it  I  In-  I  ■>  1    ,i  i  nil.  .i\  i 

II  n-.  1  i^lil  tii'tn  ili-iaiil  I'l'ii  I  I-  i-  tliii-  iiMiti-  iiMi  ^i  in  In  tori-  it  n-.n  In  -  i  In  <  \>- 
iii'l  It-  ll  I  n-  tin  ii-tiiir  lii-s  on  tin-  rilin.i.  Inrilni  L.n  k  ill. in  iln-  I'tiin  i|  .il  pi  nn-  nl 
'In-  -ii"it-i>;liti  ll  I  \i  . 

In  I  I  iNi.'-li.tl  1 1  I'M  --  I  iR  1  h  ri  K\ll  1  id 'I'l  \  1  In-  ,  .iiiiiil  I'  n  :-  ii\ir-i'l.  I  In- 
pt  nil  ip.il  lorn-  111  I  111  nlr.n  tin;;  n.rilM  In  -  Inliiinl  t  In-  ii  I  in.i  .iinl  I  In  p.ii.ilK  I  t,i\  - 
;i"iii  'ii-t.inl  nliiii  I  -  li.iM  not  \  ■  !  .iiriM  ll  .it  t  In  ir  \<  .  i:-  w  In  n  i  In  \  .ni  liiii  1 1  npl  ii| 
'  ,\      il      .  1  ii;.      12,     ('  .\ii     nil  ll  .1-1-     in     llii-     ii!i.iili\r     piuii      o|     iln-     i\i- 

;-  nil  ill  i|  to  In  ini;  I  in-  Im  u-  loru.ii'l  .iinl  ui\i-  .i  i  Ir.ii  ini.ui  An  i  II.  'i  t  nl  i  mil  lll- 
,.  .1  .n  i  . 'niim  "l.il  imi  -II  111  low  u  ill  .11  roinpli-li  I  111-,  I'Ui  -111  ll  ,111  1  It'Ti  ui\i--ri-i- 
■"  \  ,111011-  ni-r\  oil-  -\  inploni-.  In  .nl.ii  In  .  irrit.iliilii  \   ,iiil  iln-  likr,      1 1  1  un\  1  r  ^i  nl 


f  -nit.ii'li-  -I  ri-ni;lii  .m    n-i  li,  i  In 


.I'U.iin  111   111' 


iiiiil   u  ll  limit  .in\   1 


Hurt  on  tin-  p.irt  ol  1 1 


II-  I  -.it  nin  . 


\-l  II  .\l  \  I  l-M.  Nl  1.1 1  .1-  ui  li.i\  r  1  I'li-i.li  ll  ll  iln-  i  \  •■  .1-  ri  Ir.n  t  iiU',  .ill  i.i\  -  in 
tin-  -.in;i-  i-\liiit  110  ni.iltir  in  uli.ii  pl.iin  lln\  iluri.i  lioni  tlnir  ol'iril  imi- 
u  I  li  hi  r  I  hi-\  I  .1--  t  liiiiii-,;li  tin-  np|.i  r  .iinl  Inw.  1  p.ii  t-.  m  1  lirmi^li  t  In-  ri^lil  .iinl 
1'  !f  -iilt-,  of  t  111-  r(-lr,ii  I  iiii;  -iirf.n  1  -       (   .i-i  -   irr  t.iii  l\  1  oininon,  iniui-\  i  r,  in  u  lin  h 


1  hi-  i|(  I  -  tint   In  '1.  i   ^oi  ill.        In  I  111  -r  I  \  I  -,  k 


now  n  ,1-  .1 


■I  iuni.it  ir,  .ill  I  111'  nil  ri'l: 


i:{ti 


I-!.\|'i;kimiai  \i.  Piivhoijx.s 


.iri'  nni  (  iir\((l  .iliki'.  In  llir  itui^t  ( oinniuii  furin  ilii-  \  ittu  .il  im  ridi.m  i>  ,iii  ,ir(  nf  ,i 
Mil. ill. r  I  inlc  ill. Ill  i-  llir  hori/..iii.il  .iml,  Imhi:^  mure  -li.irpK  i  iir\((l,  ll  nfr.ut> 
Tiinr(    lli.in  ihii-  till-  l.illir.      k.i\-  wlii.  Ii  (li\i  r^c  in  ,i  m  rti(  .il  pi, me  I  rum  a  [xMnt 


rr 


/ 


\ 


/ 


Ku..  (.'  Till'  let.  II  — ;n>;  nl  iMr.iUi-l  t,i\-  in.iii  ,i  ili>I.iiit  iih;i-.t  liv  1  .1 
luiriii.il.  Kh  .1  -h.it  -mill.-.!  .iiiil '(  I  ,1  N'iii;-^ik;liUil  ivc.  I'K  in  i-.i.  In  .!>•• -liuw- tlu' 
I'i>-i!iim  ,.t  !hr  I'll!;,  iin!  tin  11-  oi"  thr  raiiihinc-.  1  r.'lr.utinn  ^url.u  i-,  i,i  th>-  i\c. 
niircMMUi-. !  Ii\  I  111'  -iimlo  -iirl.u  c  ui  t  hr  -i  Iumimiu  eye. 


'il'iii  1  .ii<  liiiiu;.lit  Id  .1  111  II-  li\  Mn  ll  i\i-s  in  tnml  nl  tlii  (im  u-  lor  tlu  linri/niital 
i.i\-  i  iif  't-nii  i~  liial  liif  cvi'  cm  iu\ir  >ic  .1  puini  ini.ii;c  ul  .1  |.<iinl  olijiTt. 
1 1  I  lie  r.i\  -  iliiiiuv;li  I  lilt  ■  iiHiidi.iii  .ire  Im  u-mi1  mi  I  In-  nt  iii.i  iIh  n  iliii't-  which  I'.im; 
llnciiLili  ilu-  nuriili.m  .11  rit;ln  .muli>  t.i  ihc  tir-i  iiiii--t  iimi  h  ilic  ti  liiii  .is  a  ptnci! 


■KT 


l-.KRok-  ()i    RiiK\(  ri()\    wn  A(  (  <i\i\ii  ni  \  i  ion. 


\M 


III  r.i\^,  citluT  !■((  .iii-i-  llii\  li.iNr  .ilrr.i^K  |..i~~(i|.  or  I.e.  ,iii-i-  \\\i\  li,i\i  n  m  mI 
11.11  hill  thni  ten  u-  I  In  miliki-  im  ruli.ir-  .in  imi  m  i  i---.ii  iK  .iTr.in^ii!  ii>  llii^ 
w,i\  ,  I  lie  \<rl  H  .il  I-  iiiii  .il«,i\  >  ili.it  111  ,^n  .III  -t  I  iir\  .11  iiti  ,  .illliiiiich  llii~  i-  tin-  im  -t 

I 'in mi  11  tiiriii.  imi  .irr  I  in  nii  riiii.m-  wlin  li  il'.ltrr  iim^l  .ilu  i\  ~  .il  ri>;lir  .iii.;li  -  Ui 
'111  .nil  >l  111  r.  \\  III  II  I  III  \  .in  I  III-  .1-1  u  Mill  1^11 1  1-  .1  kl  1.1  I  \i<  iinr  .  wIhm  tIh-  .in^li' 
I'lluirii  i~  Hilt  ,1  ni,lit  .ih^li  It  i~  .III  iKkii.il  \K  .i-t  1^111. It  i-iii.  Kivnlii  .i^'it;- 
in.il  i-iii  i-  r.i~\   til  1111  ri  I  t  li\  iKi--.!-  yn  iiiinl  -n  .i-  i  it  In  :  t in  i  t  ^i-  I  In-  r,i\  -•  u  hii  11 

itf   til   |',i~~   lliriiiii;li    liif   nnriili.iii   nI    Ir.i-I    nli.iitiM-   imwit    nf   In  niiiji-r    iiinrr 

li\ii\;iiit  lliii-.r  ihrritril  tiiw.iril-  tin-  iiurii|i..ti  nt  i^nilir  Mli.ntiM  |Hi\Mr. 
It  Mi;  11 1.1  r  .i~l  iytiMt  i-in  i^  iiii.n     '''In  iilt  u-  i  urn  i  t .      In  -nnn   r\  i^  tin-  .i>i  i^iii.it  i-iii 

-  1  it  111  it  liiT  111  1  111  -1  t  \  I  I  -  lull  1  ..n-i-t-  HI  11  n^i'l.ii  It  11  ~  in  tlir  i  iir\  .it  iin  nl  tin- 
-.inir  nil  riili.iti,  .i  i  .  tnlii  h  ii  u  li  i  li  i  .iiitint  In  iii.nli  1 1.  In  w  ii  li  cli--i  -  I  \  ■  n  '"  ■' 
ii'iriii.il  1  \  1-  I  111  ri-  i-  ~niiii  I  liiti;;  n!   I  11.-  irnvul  111'  '■  11"    iiii.i.;i    'it    i  -t.ir  i-  nut   .i 

-null  I'lntit.  .1-  It  umilil  111  il  till-  nit. II  line  -mtni-  \m  n-  nl  i-mii  iiir\.ilun- 
I  liriiu;;liiiiil ,  Inn  it  li.i-  .in  irn -.^iil.ir  -li.ij  r  ulmli  i-  ilitti  ritil  Inrr.nli  iinlu  hIikiI, 
ill  1  .111-1   1,1  t  In-  -lit;  111  ill  11  1  I-  111  I  111   1  iir\  I-  111  I  In    \  .11  lull-  -iirl.ii  r- 

Accommodation.      \\r  Ii,i\c -i-(  n  linw  p.ir.illt-l  r.iv-t'rnin  ,1  (lis- 
i.iiit  oliifct   .irt-  lirmiKlil    tn  ,i   lii(ii<  mi   lIu'  n-tin,i  nl   .i   imnn.il  f\f. 

Will  II    lli)\\t\rr    tin-    ^C.l/l'    !>   flini  tl-<l    In   .lll    nlijirl    lin^r   ,lt    ll.lllii    tlu' 

I  yi-  rt('ii\i-^  r.i\>  uliiiti  ili\iTi.;t  tmiii  mu-  .inntlur  li\  .1  1  iiii>iiltr.il)lc 
.iiiil;!*'.  It  11(1  (  li.iiii;i-  t,iki>  jil.Kf  in  tin-  rt-lr.ii  liv  c  pnutr  nt  t-itlicr 
iMiiici  nr  Ii-ii^  tlu->c  r.i\^  tiiiil  .ittir  rclr.u  lion  I'lU.inU  ,1  tll<'ll^ 
l\  iiii;  lirliind  the  ret  ill  1.  In  ninst(|utni'f  w  Inn  llu-\  .11  r  intirccpti'd 
li\  tile  ntin.i  iluA  Idiin  ,1  lilur  and  nut  a  -li.irp  |)iiint.  To  niikf  tlu- 
ini,ii;c  111  tin-  lu-ar  iilijcit  a  clt-.ir  (Hir  citlu-r  tlu-  ii;-laiur  liclun-n 
n-tina  and  li  n-  iiin>t  In-  niadc  ^rciti-r  tli.iii  it  i-  tnr  dii-tani  \  i-iun. 
iu>t  as  oiu'  iiuTfa>t  >  tlif  distance  lictui-iii  It-ii-  .md  id.itc  in  a 
I  .liiit  ra  u  hfii  loru^siii;^  tnr  oliit-ct--  cli  i~r  .it  li.iiid.  i>':  t-U  ■  tin-  ntrac- 
timi  li\  tli(-  f\c  iiu'dia  niust  !>«•  iiicrt-ax-d.  TIk-  l.itti-r  i-  the  i  li.mi;e 
which  is  lirmi^lit  .diniil  in  tlu-  mainni.ili.iii  t-\c  |i>  'u  .ict  ut  aciiiiii- 
niiidatidii.       1  he  cur\.iti!n-  nt    the  antcrinr  ^urtaic  nt    tin-   li-ii^   is 


ip.i 


dc  sh.irjHT  and  its  ritr.ictinii  tlu-rttnrr  greater. 


'I'd  uiiili-rsi.uul  tl 


n-  inii-l  gi  inr.iiU    .n  1  i-pti-il  1  \|  il.iti.il  n  m  ut  t  In-  \\.i\    in   w  lin  h 


.  liiinc,  <iiu-  nuist  li.iM-  ili-.irly  in  iniinl  1  In    .iii.ituniii  ,il  n  l.it  mnslnp  whli  h  tln- 

I-    I  I;,',    i:!  .      Ill-  111  M  in  it-'  III. 11  1- 


ir\   liL'.inii-nt  ut  I  hi 


I  n-  lit-ars  tu  nri^hliuiirini;  ^iriii  1  iin  -  in  tln- 
•  \    lln-  nimirriii]^  tilin-s  uiiiili  lu-^i-lln-r  tn.iki-  up  lln-  -ii-|ii-n 

II  11-.  Tlu-si-  an-  inurt-  ur  I1-—  r. nil. illy  arr,iiii;i-il  .iliuiii  tin-  li-n-,  lii-int;  1  unt  iniiuii-, 
1'  iht-ir  iiiiu-r  (-nils  with  iln  ia|)>uli-  in  .ir  lln-  iii,ir;;in.  whili-  ilu-  uutir  <ni|-  ut  tin- 
'  iiriail-  arc  1  uiiin  lini  In  I  In-  -iirt.i.  •-  ut   lln-  1  iii.ir\    Imih    in.ir  it  -  tn  1-  mm  r  rilv;i- 


II    'i  ?   i  iU  li'i 


"I  ic  truiu  the  ipiisuriiir  -iirt.ni  ut  1  In   liii-  1  .i|  suli-  ^u  lu  t'  .    .mli  riur  -iirl.n  i-  ut  the 
ili.irx    ImmK    anil  tlm-t-  uhii  li  .iri-i-  Irmii  thi-  .inli  nur  -int.nr  ut   tin    K  11-  .in-  .it- 


i;;s 


l\n  KiMi  \  I  \i    I'm  .|,,|  ,„,^ 


'■"'"■'    '"    ''"      I"""   --'-   "'    ''"     !"-l'liMl    -III   „.     Ml    IIm     .   .ll.MN     l-..!\     ,,       1,,,     l.,H   k    .1-. 

''"    '"  '  -">n.i  -I  1 1.,    nun.,        |  1„    ,,„.!.  in  .  m|  i|„.  ,\,|.,II  .,n    mi.l.  i   .,  pi.-iu.- 
"''"''   '-  M''"'i    'I'.in  .iiniM   i.n.M,    |,%    ,,l„,,,i    .',-,  ,  „,-     IL         I  in  %    tln,,|..H    ,,i,  -> 

'""^^•"'!'""  'I "-"'  '1"    '^.l^,ll  .,,,.1  ,,,  ,,  i.Mili  Ml  1 1,,-  ri„    ,l,MiM„|  ,M.,i    Ml. I 

''"   '  ''''"^    '""''■•  "-  '■■|^^■'l'l  niii:,,ii,,i,.  |,i,--,,|  Mill    l,x    ,|i,    \,ii,Mu-  1m, I t, 

I  "il  '■"  '-^^  '"I  ■'-  "•  il  ■'-  ■"II"  ,1.1  ,.„  Ill,    I,,.-  lu.ini.ni.       11,,-,  Ml  11,  i,.,„  ,  v,,i^ 

.' "'il  ■.tnli.   .iniMiMi  ili.iii  ,1  ,|,„  -  ,„,  ;!,,    |,M.i,n..i  -ml,,,.' Ml  ili,    I,  ,i-  ..,|.-.,iir. 

'""    ''  "■  II-'  ll  I-  lliii'l  111  n,,iiii,    ,ii,,l  II-  ,  ,,|,-,il,    I,  ,  I.,-,,,         I,,  n.itiit.i  -l,,,i  ,    ;-  a 


S^iM 


#,-»••       ^ 


tn  ^i      i  • 


1     !•  I    ;  I): 


•i,,i  l,ii,.i!i-  ,,;  ii„-  1,.,,-.  .i:„:  ,,,  ti,..  ,„.,i;hl,.,iiriin;  >tru.  liiii- 


'"""  '■'  '"-  '■"""'•■i"ii'   I'Mt.  i„,n.!i,  vM,!. ,  ■;,  s,,h!-,,,,!„  .,,,1]  Mt  ii-.,   i;^,,, I 

:""'     '""''     "-     ~ll"-l"~    ■!'-'      ll.lMMI,,!.     ll:,      .innil.,!     ilMU,\,|      ,,,,„   h     ,)„.     „„„-,.     „, 

""    ■"'    "'    ■"'■■ii'iii'"l.iii..i,    I-  ,1   ,,,,111.1,  II. ,11   Ml    111,    ,11,  111., I-  .,,1,1    ,,„],, , I    ,,,,,„  I,. 
'''"'-   "''"''   ■'"■  '"III  I'll"!    <n    til,'  ,,li,,M    1,.„K.       1!,;,   „;.,i,,,  ,1,,.  ,  j,,.|,    ,,,    ,,„, 

'■ -  ''    "'    ''■'     '""'^     -ii:,ii,i-,    l.iiii.^-    1,    II,,,,,,    ,.,    ,1,,.    1,.,,.,    ,,,„|    ,,,,,„-    tl,,. 

|"M,  ,-,-,, I   ,1„,  ,„,-,,,,,„    ,,,,,,    ;,,  ,i:,,x,.  |,„-u,,,,l,  ,1,,,_1„^  uilli  ,i„,ii  ,li,-.,,il,riMr 
I  ■!"   ■•!  Ill'    '  liMi.H.I,  null  v.ln.i,  ilirv  .„,■  ,-.  „i,  i„  ,i,  „,-        jhr  ti|.,.-  mI  ,1k-  li-  ,m,nl 


l\kKi  iK^    I  il      Rl   I  K  \i    1  M\      \Mi      \i  (  '  (\|\Ii  (|.  \  I  K  i\ 


i:;!i 


w  hii  li  |M---  I "  I  \vi  1  n  I  111  |.<  i-ii  Ml  If  I  ii  I H  r~-f^  111  I  111  111  I.I  \  .III'  I  I  111  iiiti  t  iiir  '111  l.H  <■ 
111  llu  li  n-  .111  -l.ii  ki  iir.l  l.\  !  Ill  -1  1  li.nui  '  .ufl  I  111  li  n-  I-  ill. 'xu  .1  1. 1  I  iiili^i  l..i  w.ird 
l.\    it  -  . .«  11  1  1,1-1  ..  II  \  . 

'I  111-  I'M  lilt  li  1  w  liii  li  ihr  1  iir\  .itiin-  1  ,111  1 11  III!  II  I  -  1 1  I  i\  ,1,  ,.  .Mi- 
ll iil.iiiiin  i~  'iiiiliii!  i.jiK  l.\  ilii  1  1,1-tii  ii\  lit  ill!  li  11- 
Experiment  52.  The  Near  Point.  Tin  li  i-i  ili-ini, .  ii  uhii  h 
•  III  ii1m<i  I  in.i\  I"  111  111  .i\\  i\  ii.iiii  ill!  (Ar  .iml  -III!  In-  ,  IimiK- 
-1  fii  I-.  ilic  \i  \R  I'liixr  I  iml  liiiw  tir  ,i\\.i\  \.iiir  i.wm  ih  .ir 
piiinl  Hi".  !i\  liiiikiiu  tixi'lK  .it  .1  jiiii  111'  ]it  111  il  jii  iiiii  \\iili  .iiif 
I  \  I  1  li  i~i  1 1  ,111(1  •^r,iiln,ilK  1  iriii'^liii;  ;lii-  1 1!  ijci  i  i  Ii  i^ci  i. .  \ .  .hi  I.h  c. 
A  ili-t,iiicf  i-  luiiiul  iKMi'i  r  ill, 111  wliii  li  it  thf  nil]!  1  I  i-  111  111  ii  Is 
~i  I  11  1  '111  I  It'll.  I  lie  1 1|  III  1 111^  Mil  .III-  ili.it  \  I  mr  .!(  I  1  .III  I  111  11 1,1 1  u  111  is 
III!  liiiiL;(r  -iiith  iciit  til  liriii-  ,ill  ili<-  r.i\-  truin  ,i  -iir^K  imiiii  ii.  .i 
tmii-  <ill  tile  ntilM,  till-  tiHll-  111-  luilillil  tllr  Irliii.i.  .mil  |  he 
r.i\  -  limn  r,ii  li  [iiiint  n  ,ti  li  the  -v;i-iti\r  rill-  ,m  ,i  |u  ik  il,  ,iiii| 
111  it   .1:-  .1   piiint   1  it    li;;lil . 

I  llr   lie, If   piiillt    ill    ,1    Milllli;   i  lliM'-   lAr   I-   ui|Hi  ,ill\    ,iliiii:l     lit  .  ,r 
1  _'  I  III-.   ,i\\,i\;   ,'-    liiiif   i^iif-   mi    tlii-   ili-t,iiHr    iiH  riM-i-  ,inil    ,i-   ,i 

Mllr    ,lt     In   nr    ."lO    MMT-    lit    ,mi'    till'    IHMT    linillt     ll,i-    Ii'iiiKd    p.i-I     the 

iiii^lli  ,it  uliii'li  It  I-  11  in\  fiiii  ill  til  II  i|i|  ,1  luiiik.  <  iiii\iA  -l,i--i -, 
.til    ilicn   ii-('i|   Inr  uMiiin:^  .iml   li,iiiil-\\i  nk  .tml   li\    thi-,  humus  the 

'll\  (Ti^tili  r  (it    tile    r,i\  -    i-    rtillKiil    -■ .    tll,(t    ulijirl-    ni.l\     ill-   iiilllliirt- 

il'K  lu-lil  ,mi!  -till  llii'iiw  -Iliij)  iiiLiui  -  mi  tin-  rrtiii,i.  Tin-  i  li.m.,_f 
111  t  l.istiiil\  h.i-  111!  ilti-i  t  nil  ili-t.iiu  \i-imi,  llu-  -li,i|)i  lit  lilt-  It-ns 
;:i   till-  t-\t-  ,ii   rt--l   i-  tin-  -,iinf  ,i-  lit-lurt  . 

\\  lii-ii  tilt-  i;.i/t-  is  (iin-(  tt-d  ti)  .111  i)l»jt-ct   lu-.ir  ,it  liaiid  twn  (itht-r 
'  li,iii:ci-- (HCi.r,    .i>-iHi,itt-(|    \-^  tin-    ,11  t    lit'   ,i(vmiiiiiii(I,,timi.       I'li,- 

\i-ii.il   ,i\t--,   wliicli   (liirin-    n-t    m-  ili-i,mi    \l-i(,n    ,iii-   |).ir,illi-|.   .in- 

-  'iiv  i-i\;t-il  -II  til,  1 1  llu-\-  lilt  I -t  mi  tilt-  1  ilii.i  t  ,ii  u  111!  h  ,,ii,  1,„  ,k-.  ,iii(| 
lii.iki-  tilt-  iiiKiut-  lit  it  t.ill  (HI  till-  |(,\t  .1  (  i-iiir.ili-  (it  t-,i(-li  i-\i-.       I'lii-  i- 

l'""'  '■>  lilt-  ( (iiitr,u  timi  lit  tin-  inii-rii,il  n-i  li.  w  hii  h  n  ii,,tr  ihr  t\c- 
'  -ill-  iiiw  .inl.    .\t  tht-  -.iiiit-  titiit-  till-   \i  (  ( )\i\i(  111  \  I  ii  )\  HI  II  I  \  I  ,t  the 

■■iinl  .111  III--:  till-  (-in  iil,ir  imi-i  h-  tilin-  v,  hii  h  .n-f  i-mit,iiii,ii  u  ithin 
■tit-  tn-t-  iii,ir;^iii  (it  tin-  iri-  (iiiitr,H  t  ,iii(l  fkIik  i  tin-  -i/i-  ,,1  tin-  diii-n- 
i!i--       I'll'   iii-  .HI-  .1-  ,1   ciirt.iiii   (ir  .iiljii-i.iiilr  (|i,i[)lir,|.^iii   tor   tin- 

•    \  1-.      liinilillL        '.'.'.■.■     --■.'!■     :  l!      'h:-     •.•.■.■•.:■.    i!     ;  .1'     r    ;\    _     ;v    !;;.    !,        ...!     ..      I;  \>.         .1.: 

" '''^  (miliMCiimi  1.1  tilt-  (iiii-niii.^  in  lu-.ir  \i-ii.ii  .ill  r.is-  ,in-  -hut 
-ut    t-M-i-pi    ilii,-,     uiii,  !i    j,,,-.,    ihrmi^li    i,r    iit-.ir    i!h-   rt-iitn-   i.t    tin- 


.'i  1 


1)11 


I  Ml   KIMI   N  I  \l.     l'l!S  -|i  Pi  <i..\ 


It  ft.u  liiii;  -iiit.K  (  -.  lU  tin-  inc. Ill-  '•jiln  ri(  ,il  .iliiriatlun  i>  <  lit  ilnwn 
ill  III  ,ir  \i-ii>n.  in  wliiili  wn-.it  .in  iir.ii  \  i-  ii-ii.ill\  n(|iiiriil  ami  in 
wliiih  lilt  .iliMi.uiiPii  wmild  <  iilitrw  i-c  he  iii.irkid,  ln<  n-r  tin- 
iiiriiinin'v;  r.i\-  an  \  (  r\  dlsarmiit.  Tin  ini.ii;f  i--  madr  m  iincu  li.it 
1(— •  liii^ilil  li\  llii-  ilr\i(r.  -iinr  iliirr  .lie  fiucr  r.i\>  tn  ( I  mti  ilmtc 
til  it  ill, 111  thru  wiJiild  lie  u  itli  a  w  idtr  puj>il.  luit.  the  nlijii  t  lititig 
111  .ir.  ilif  niiinlpir  nl   i.i\-  w  lin  li  ilu    t  \  c  rnrixi-  trniii  it  i-^  in  .my 

<  .i-i'  l.irj^r  ,ind  till  1( :-- -  i-  ma  n|  mm  li  impnrt.im  c  All  ihn  r  groups 
111  mii-i  ii  -  w  liii  li  loiiti.iri  ill  m  .If  \i-i<in.  tin-  lili.iry.  the  i  in  iil.ir 
mii-rir  tilm  -  111  ilir  iri-,  ,mi|  thr  iiiti  iii.il  rti  li,  ,in-  -n|iiiliid  li\  tin- 
(K  nil  iiiii  ill  a-  mr\f.  Ilu-  luivr  -ii|>|iK  nt  the  I'.idi.il  tiliii-  nl  thf 
iii-.    tlir  ( iinlr.irtii  HI   nl    w  liii  h   dil,itt-    the   pupil.   <iiiiu>   tiniii   the 

<  I  i\  ii  .li  -\  mp.iihi  til'.* 

^nmc  indiialinii  nl  tlir  n.itnrc  •  il  tlir  i  li,iiVv;r  in  the  (•>«■  media 
dniiii'^  .11  I  mil  I  111  d,  1 1  inn  m.i\  In-  ^nt  Irmii  the  Inlinu  ini;  t\]Miinunts. 
Experiment  53.  In  ,i  d.nk  nmm  .trr.mi;*  the  Kii-  .iiid  u.ili  h  ^lass 
-II  tli.il  thiA  .lie  rinlnd.  with  tlir  Ini-  IkIuihI  the  u.ilrh  lil.i--. 
wliiih  i-  ])l.iriii  with  it-  imwix  -idr  Intw.ird.  Ilnid  .1  r.mdlf 
ln-idr  Muif  llf.id  .illd  .1  little  lieliind  \  niil"  e\e-  .ind  li  mk  .it  the 
iin.ii;!  -  n|  ihe  tl.ime  tninied  li\  the  three  retr.iit iiii;  -iirl.iees. 
riie-e  let  iiin-t  nl  tile  li;^lit  thnui^^h,  liut  retlect  -mile  -mall 
l>nllinn  nt  it.  The  letlei  ted  IM\  >  tmill  tile  ini.iv;e>  which  ynu 
-ee.       rilele  .ill'   three  nl    them,  mie  inverted  .ind   tun  iTei  t . 

Experiment  54.  Purkinje  Images.  Imik  .it  mhii  ii.irtner's 
eye  in  ,!ie  \\.i\  in  w  hit  h  \mi  Innked  .it  the  len-  .md  w.itih  i.;I.iss 
in  the  l.i-t  e\p(  I  inn  lit  ,tml  .i-k  the -iiliject  tn  i;.i/t'  p.i^t  \nii  into 
till  ili-t,iiiii\  .ilmiy  ,1  liiu'  h.tll  w.iy  lietween  \niir  e\  e  .md  thf 
e.mdle.  A-  lielnn.  tliite  im.is^i  -  ni.i\  lie  -tin  Imt  in  tlii>  e<i>e 
niie  nl  the  enet  ini.iut  -  i-  l.ii^er  .md  dimmer  th.iii  the  other. 
\nu  ,1-k  the  -llliiei  t  tn  Inill-  nn  \nUr  fm^er  held  ill  hi-  line  oi 
\i-inii,  ,ii  .ilinut  the  di-t,mee  1  it  ymir  he, id  .iw.iy.  Tlu'  -mall, 
1  liuht.  (Hit  im.ii;e  ,mii  the  imerted  one  .ire  muh.iiimd  in 
pi-ilinii,   linl    the  I  ti'^er  erect   niu'   mo\  i  -  ne.irer   the   tir-t   and 


'A  -i..|ii,ini;-i|iiu  Ii  I  1  till  |iii].il,  -iniil.ir  in  tii.tt  w  liii  h  im  urs  fur  iic.ir  \  i-iun,  is 
ItiuuIh  .ili.iiil  nilrxU  uluii  ilu-  i\c  niiAt-  frimi  .1  il.irki  r  In  .1  iiulitiT  liLiCf.  If 
till-  1  li.iiii;!  in  I  iu  inirii-ii  \  1  il  llic  liylit  is  gre.it  the  ennlr.ii  nmi  is  iiMire  lu.irkei!  at 
til -I,  iui  niiiiii.;  .^r.uhi.ilK  II  ~-  Inr  suiiie  minute-  alti  rw.irijs  as  the  u\"c  btmiiies 
'■,ii  1  1 1- 1  nil  11  il  111  ilu-  li^lil  ".       Ihi-  i-  kiuiwii  ,1s  I  he  "I  li.lir  Kl  1  I  I  \"  of   the   iiii|iil. 


I.K    iiK--    111      Rl  I  K  \i    I  ln\     \\|i    .\i  I  (  i\t\liili\  i"I<  IN  HI 


1. 


HciPim-    ^iii,i!l<r    III, 111    lutiirc.       I  lii^    i-    ilif    iiii.i^i     t|Min    ilu 


I'll 


.iiilrrior  --ini.K  (•  << 


the   Icn-.      I 


!    1-    l.iiL;t    .iml   iliin    in    tin     iiii- 


.11  ( I  iiniiiii<l,ili(|  (\f  li((,iii-c  ilir  -.iiii,i(i    wliiili  Imiii-  It   i~  l.iirU 
tl.it        I)iiiiiiu  .!(  (ciiniiii  >(|  .It  i(  111   \^li(ii    till    -lilt. Ml    Ikii.iih-   iii'irr 

(  lll\ri|    tllr  'IlMCf  l"riimt-  ~lll  lilt  I    .ilul  .i|i|ii  ,il-   to  IIU'Vc   l'.l\\,inl 

lii(,iii--c  III    tllr   111!  >\  limn  t   (it    tllr   ntliiiui^    -iiil.i'f. 

Experiment  55.     Scheiner  s  Experiment.      I  In   i    in  ^  ,,i  r.i\> 

wlliill     cillil     till-    r\  I  .    til. Ill    (illicit--    ,it    iil~l.ill((~    t(il     wlmll     tllr 
(\c    i~    iidt    .11  (  ( iiiim  iil.ili  il.    .,111    In-    11. II  111    li\    Mill  kill:;    .ill    I'liI 

tun   |itll(  iU  lit    t  111  111    ,111(1    tiniiillc   1  lilt    \\  111!  Il    H>;l(  i||>  I  it    I  lie   I  (I  111,1 
,llf   .itliitcil    li\     the    t\\(p    pcili  lU   lit    liulll         In    ,1    Jiitii-   lit    llr,i\\ 
|i,ili(  r  prii  k  tuii  hull  -  K  --  tli,in  tin    iliinii  ti  i  iit   iln    |iii|iil  ,i]i,iil 
^tii  k   l\Mi  IK  (1  III  -  niiiii.;lil   in  .1  ~tii|i  1  it   w I.  mn    /.(t  i  111-    ,mii 

nllc  tiO  .11.-..  tnuil  till-  mil.  Iliilil  tllr  -1  Urn  Wltll  tllr  llili- 
111  It  i/i  itlt.ll  in  tlMlIt  lit  iiMr  |ill|iil  ,l!li|,  (|(i^lllv;  tllr  iitllrl  tAl'. 
Iiiiik  ,lliin^  tllr  -I'lk  ,itlil  .l((iitlim  1  l.ltr  tiii  tin-  t.if  pin.  Nnlr 
til, It  the  iiii,ii;r  1  it  tin  nr,ir  pin  i*  iliiiiMr  (  ii\rr  one  liolc  in 
tin-  ■-rnrii  ,iii(|  ~rr  u  iiicli  im,mr  1  ii^.ippr.ir^.  K(pr,it,  u:tli  tllr 
<\v  ,11  (oiiimi iikitnl  i(ir  tllr  ncir  pin  1  t('ni  \iiiir  n-nli^  iir.i\s 
ili,ii;r.iin>  ul  tlir  (mir^r  ot  tmn -^  nitniiii;  tlir  r\r  ,1  tidiii  .111 
(ilijrct  ,it  tllr  (li^t,iiui'  tlir  which  tin  r\r  i-  ,i(  (  iiiiiniii(|,itc(|. 
I)'  tnnn  i.nc  ,il  ,1  i^rr.itcr  iii~t,itur.  c'  trntn  mic  ,it  ,1  lc-.~  (  nin- 
p.irr  with  tlu' (li,ii;r, nil-  tniiitlir  ic~ult-iit  I.\p.  I^  ,iii(l  c\pl,iin 
ihf  (litftrriK  f>. 


CIIAI'IIK    MX. 

EXAMINATION  OF  THE  REFRACTION  OF  THE  EYE  AND 
OF  THE  INTERIOR  OF  THE  EYEBALL. 


THE  OPHTHALMOSCOPE. 

M,,-i  ,,!  tin-  Ir^lii  wlinh  .iil.i-  llu'  im  |m".  ~  tlii-iuli  ili. 
,,  III,, I  ,,ihI  I-  .il-..ilM(i  l'\  ill'  Mm  k  I'l^iHi  III  1  i\'  I  1"  Inn. I  II  liiii  ,. 
.,,1,11  |,i,.iM,Mi..n  .-I  ill.  ,.x-  .11.  1.  Il-'  ".1  'i-ni  111.  I'  "11  '  "-'  It 
■|  li,  i,i\  ^  I.  til  .  Ill  1  1 1 1. Ill  .  .11  1 1  I"  lint  .11.  I.  tr.i.  t.  i|  .1^.1111  \'\  1.  II  ■-  .111.1 
,,,,,„,,  |„  III.,  1„  ,,t  .iu.i\  tii.in  ill.  iM  i|..  ii.lii  iil.ir  III  llii-  .  .1--  .iii'l  'I''  \ 
|,,,,-  Mill  ml  111— ,1111.  u'  11.  i.il  I'llli  ,1'  u,i-  l,it^>  11  l'\  ill'  iii'-niiiu  i,i\- 
whi,  h  i  III  1 111111.11..!  ill.-  i.'.mi         I  I'-ii  1-.  ill'  ^   ii.i\.  1  Im.  k  iMu.ii.U  ill. 

VMllIK     Ml    ||,^lll  •^111.  .     ill.-  .A.     1.1    ih.     mI.-.  i\.  I-   1~   11.. 1    II  II.  1'  I    ..l.llM,ll\ 

,  u.  iiiii-l.iMi'  -  i'l-""l  ■"  -11.  h  .1  -I. Ill"  H  .1."  -  I!.. I  I'.'  iv  .in\  ..I  I  hi- 
ll.^Ii  I  .11,, I  ill,  i.li.i.-  .m\  jiiii'il  .11  \\ln'  li  "II'-  l.H.U-  ,ipl'.  ,11-  1"  I"  l.l,"  k. 
It  liMU,  \.  I  ..II  .iii.iii-^.  -  I..  Ii.iv'  ill'-  ..!.-'  I  \'  r'-  <\''  ■'!  '1"  -"111"'  "t 
Ij^lii,  Mr  .1  s.-iv  III  1 1. -  I  li -I. 111.,   ti'.in  II.  ~i.iii.-..l  til.-  i.i\-  1.  ll..  1'  .1  li.  .Ill 

I  ill-    I  .1    -.1  \  1  I  I    I.   I  111. I    1  .111    I..-    -.  .   H. 

Ilii.  ,,  ill,  piiii,  ii-l.-  ..11  ul.i'li  ill'-  ..l)lill..iliii"-"'|"'  I-  ...11- 
sliu,  1,-.|,  ll  II..!  i.llU  ■ci\.  -  .1  M'\\  "I  ill'-  iiiK  ii"i"'  iIk-  'A'-  I'll! 
.,1-M.  .1-  u.  -h.ill  -'.  .  .,11. .1.1-  .1  in.  iIi.mI  i.t  . a.hiiiiiiiil;  ii-  nlr.i'  n.'ii. 
Til,  in-iiiiiii'  III  1-  .1  -li'^lilK  ...ll.  .i\'  mirr..i  vvi'li  .i  H"^  '"'''■  "i  ''"' 
,,  III,,  M.  it.  (  )ii.  li..l,U  it  111  tr..iil  '.I  ill'-  .A.-  wlii,  ll  '.II'-  wi-li.  -  I.. 
, A, ,1,1,11.-  .111.1  ,1  li^lil  i-  rl.i'.'l  l'<-i'l«  ''!'■  '^''  •""'  •'  ''"''  '"''i'"'  •' 
I      I  ,._,      11    \.   .       Ill,-    iiiiiiMr    -.11.1-    r.i\-    tr..iii  ilii-    int..  ilu-  iw. 

I  W  .,11. 1  I  Kli'  111  I  i--:.  11  .11'-  '\^"  -II'''  '-i^-  11"  1''  \^ill  "' 
.MiiiM  I,,-  ni.iin  ..ill. I-,  liuliiiir-:  ii]'  il"'  \^li"!''  -i"  i  l-'i\\«'H  \'  ■""I 
ir  .111.1  -1.111.-  ..t  lluin  l.illiii-^  ..11  .illi.r  -i'l<'-  '  ■•" ''•  l"'i'i'  "'  ''"- 
illiniiiii.ii.,!  .11., I.  ivt!.  .lin^  i-.m  ..t   III'-  liulii  \\lii'l'  1'   n-"i\«-.  '"'^ 

ic  ii.iiiii    X.      I'l..    i.l.-.t\i-r 


.1-  ,1   -.iiir.  I-  '.I    r.i\  -.   .1-  i-  -li"\\  11    l"i'   ''"'   P 

i,.Mk-  jr.. Ill  1..  liiii.l  iliri.ir^li  ilu-  linl'-  li-'l''  -ii"!  -"""•  "'  '•'*•  ''-ll''  '^'1 

V •  \ ■      --  1   \'  /     .    ;..  .   1."   .i.l~  ilii-  niiiTMi'  n.i^^  ihr.niL'h 

tlu-  h.iK-  .111.1  .III. .1.1  him  ..  \  ii  w  ..t  tin-  iiniii..r  ..t  ilu-  ^iiliji.  t'-  tye. 
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1 1: 


lilt      -111. II.   I     l^.l-kl.l     I(.     -I. It.       ,|||,,|,|     ,,(      liiiii,     I I,,      I  I,    I. IX     111, 

'  ""iiii"'l''i"ii.  '  ■!  .  \v  li  it    I-   nil  .11    I  III  I  1 1\  I  .    Ill   ,i|n  .Ih    itn  .11  i.t   .ilii . 

•||'<'   I-   111  nil     III   till    .  \i  rin-   |,,imK  -,  -   till    I  iiiliiu-.  1.1    till     thml 

■"f  \<-  III  t  III    III-  .111.1  till    ,  ih  II  \   1., .,  1\   .111.1  [,ii  \i  nt-    11  I  i.iniii.  ..1  iti..ii, 

■  •!  I'  ll.  \  .  i.nti.ii  I1..I1  ,,t   I  h,    |. Hill  I  II II.  1.  I   till    -t  iiiiiilii-  ..I   t  h.    -ti..in; 

-'"         III'     '1^-    It. 'Ill    ill.     II  till. I.    .Ill-Ill^    ,it    ill.     |.iiii.i|m1    I. ..II-    i! 

'"      '^'      '-1     ll.'llll.ll     "M    .     |),1--    ..111       itt.l      1.   ll.K   t|..|l     |.  11    ill.   I     t 1, 

'■•''"'        ll    'li'-'     .III     I..    1..     .l.iiK     I --..I    ..II    ill.     ..l.-.i\,i\ 

•  'iii.i  III-  '  V'    iiiii-t   i.i    II II.  II  I  .. I  mil.  ..1.1 1.  .1        II.    iiiii-i  in.t   I...  .k  til.  I.  - 


I     ■    "       !•.  illu-trat.- til,-  ..  .  ■-,......:.: I  ,  ..  .  -:.,.Kr,nii  -li..»,  th.- 

'  .1-.  ..I  ila-illiiiriiiutitii!  ray«  ami  i.t  tlir  ,iiitis<.ini!  r.iyi.  hy  the  .lir«  i  mrtli.Ml.     Lowrt 
!  ..^rim  -h.jws.  ilif  ...iifse  .,(   .iiituomic  rays  when  the  indiritt   ii.t-th.nl    i,    u«nl;    tli.' 

.lliiiiiiM.itiiiK  rays  ti.is c  Iicit.  oiuiticil. 


■.  i!  ilk-  nliiKi  wliiih  h.'  wi-lii-  t..  -n-  Imt  imi-t  l;.i/i  liiri.ii-h  it 
■  '  llif  (li-t.iiur.  It  tlif  <ili-i  r\iil  t\r  i-~  --111  .1  t-iL;lit(<l.  tin  |iiiii- 
'  i!  j>l.itic,  tlir  pl.iiic  I'nunw  hirli  r,i\  s  WdiiM  li.i\f  t.i  imiii  i..  !,.■  rni- 
■'li  ii.ir.illil  alter  |i,i--!ii'v;  .nit  thrmrcii  I<'ii>  >tti<i  ciriici.  i-  -..in. - 
ii-i'  ill  If.. tit  I.t  tilt-  |i!,itu-  "ll  tile  rititi.i.  l.lL;iit  i,i\-  III. Ill  til.' 
■liii,i.    tlu'irti.rc.    -iii.c    tiny    dixcrm'    h—    tli.iii    umil.!    i,i\-,    tr.ini 


..;..  .1  ..1  ... 
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luiiM'r.m'  after  rtt'rarlioii.      ll    tlu-y   arc   I.i   make  a   -harp  li.(ii>  iin 
lu-  imaciriiniiK .dated  vyc  ot    the  ol.strNtr   llie\    mii-t    lie  rendered 


w 


I.M'I.KIMI        I  \I.    I*ll\>l   )|.Ot,\ 


|).ir.illtl  liv  a  fli\iri;i  lit  liii-.  iml  tlic  >trriii;lli  uf  the  Kii>  which 
oiif  niu-t  ii^c  for  ilii-  :<i\t>  .1  iiu'.i>iirf  ot  h<>\\  iihk  h  tin-  im\s  ditfi-rcd 
ill  (lin(  tioii  tiiiin  tin-  |Kir,illtl  p.ith^  which  thiy  ^hmild  h.ivc  t.ikcn. 
If  the  lyc  is  I  (t\(,-si(  ,11 1 1  I)  tlic  c'in<li)iun  i-  rcxcrsid.  The 
rttin.i  i>  t.irlhcr  tmu.irtl  tli<m  lin'  iiriiicip.il  hn  u>  <it  the  t\»'.  llu' 
ra\>  (Hxtr^c  tnn  >h.irpl\  and  alter  rctr.ictiim  thc\  still  di\i'r^c  to 
some  txtcnt.  Tin-  oliM-rxtr  to  >i'f  cKarly  imist  in  this  casi-  iisi-  a 
con\  fri;i-nt  lens  and,  as  iKlorc,  the  strtiii^tli  ot  thi'  lins  i;ivis  ,1  mi'.is- 
urc  ol  liow  (hiltrtnt  llic  eve  is  Iroin  ihf  norni.il.  This  is  known  as 
the  IHRIJ  I  Ml  I  lit  )l)  ol  iisini;  tiu-  o|)litiiainii  siupc.  I'hc  part  of  the 
retina  whicli  one  ( ,ui  see  ,it  one  time  in  this  w.'x  is  a  small  one  .ind 
for  that  M  is(  n.  and  snnulinus  too  liecause  it  is  diriiciilt  tor  tlie 
oi)ser\(r.  it  he  is  inexperienced,  to  relax  his  .icconiniodation  com- 
p!ete!\,  the  iMUKii  I  Ml  liioii  is  of  n  n  ust  d  1  Kii;.  44,  H.i.  The 
arr.in^ement  ol  11^11'  -inil  mirror  is  on  the  same  plan  as  before,  hut 
in  this  (  asi'  a  (onvex  lens  is  held  imniedi.iteh  in  front  of  thi'  snhject's 
eyi-.  This  tocusses  tin-  ra\s  emeruin^  p.iralkl  from  the  i\t'  and 
forms  an  iiuirted  real  im.ii;*'  ol  the  lirii^ht  spot  ol  tlu'  limdiis,  at 
the  i)rincip.il  local  jilane  ol  the  lens.  It  is  this  im.iue  .it  wiiich  the 
obserxiT  looks. 

Experiment  56.  I'he  use  ot  the  ophthalmoscope  for  the  examina- 
tion ol  tln'  human  e\i'  is  not  suitahle  as  a  lal)orator\  expiriment 
since  .1  ht't^inner  to  h.i\e  success  iiei-ds  both  time  and  (|uiet. 
I'.ai  h  studi'iit  is  expecti'd,  howe\-er,  al  some  time  durinji  this 
p.irl  ol  tin-  c<iursi\  to  procuri'  .m  instrument,  of  which  there  are 
se\ir.il  a\ail.d)le  in  the  sujiply  nK)m.  .md  to  practise  with  it 
until  he  can  sei'  lor  himsell  the  interior  of  a  normal  e\e.  I  sing 
both  the  dinct  and  inilirect  methods,  work  at  the  experiment 
until  \()U  can  see  m.iiiy  or  all  of  the  details  of  the  interior  surface 
ol  the  eyeball  (Usciibed  below  (p.  147).  Before  doing  this  it  is 
wiser  t<i  jir.ictise  .1  little  in  the  hd)()rator\-.  using  the  instrument 
according  to  both  methods  to  t-xamint-  tlu'  eye  of  a  rabbit,  the 
pupil  of  whiih  h.is  beiii  dilated  with  atropine. 
Direct  Method.  Place  the  light  and  ophthalmoscope,  as 
shown  in  I-'ig.  44,  and  look  from  behind  the  mirror  through 
the  lioU'.  St.irt  with  it  about  eighteen  inches  away  from  the 
oiiscr\(.(i  I  yi  .iCui  niovi-  it  siov.iv  .tiiout  until  the  pupil  is  seen 
as  a  bright  red  spot.     Now   mo\e  the  mirror  gradually  nearer. 
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kfcpiiit;  it  al\\.i\>-  in  tin-  ~,inic  line,  until  u  hen  m>ii  arc  .ibimt 
I\\(i  <ir  ihrcf  iiH  lu>  ,i\\.i\  Irmn  llic  ^iiliit(  t'~  cm-  iIu-  liriv;lit  >|)i>l 
I  A  the  r(  liiia  i  mno  (  lf,irl\  in  In  v  itu  .  lioth  iil>^tr\  rr'^  and  -iilt- 
jii  l'>  »yf>  niM-t  l)c  una(  ( iininiddattd. 

Indirect  Method.  Tlic  ananucnunt  i~  a-  lutnif  lArcjit  that 
a  ('nii\  (■r^in:<  hit-'  i-  Inld  tun  nr  llutc  iin  In-  a\\a\  Iruni  the 
i)l)>tr\id    i\r   and    >ttadifd    ii\    rt-^linju;    a    lni:<t  r   dt    that    hand 


N...  I. 


I'h.    1'..      l)i.ii;r.iTii-  t.i  il'ii-tr.iii'  ih''  ii t  th'-  r>-t  inn..  ..;..•        V..    1  ^hoM-  tin-  ii.iili  ol    r,iv< 

•  III  .1  iiorni.il  .M-    Vi,   J  lli.il  f"i  i,i\  -  lic.iii  .1  n.irin.il  '-^  !■  in  Irwi:!  c'l  uhh  ii  I-  lirl.l  ,1  <  .itni-iLiiiK  lri!«. 
"  -iI  r.i\  -  It. 'in  .t  -li..rt-i^lur.l    ■\>\ 


m 


.i^ain>t  the  MiltitctV  tdH'hf.id.  Hold  tht-  (>|)litIi,ihn(>M  i)|k' 
.ilxiiit  twi'iitx  in(hf>  a\\a\  .iiid  nii)\f  it  ,ili<ait  and  inox  »■  \hv 
ki'.s  hack  and  torth  mitil  x\n-  ini,ij.;f  of  xhv  hri^ht  >[)(it  i>  (  It-.irly 
-.I'fii.  Till'  oli-iTMT  niu-t  .Kccimniod.itf  lii^  i\f  fur  a  jioint  near 
,it  liand. 

I  in      Kl  I  INi>-.(  DPI-.       AiKithcr    iii~triimint     whiih     i-     u^rd    lo    cx.iniiru'    llit- 

'  Ir.K  ticiii  ill  the  ivf  is  the  rilinoxoiK-,  ,i  ti.it  mirr<ir  with  ,i  little  pcip-hoic  m  the 

niilijjc,  whi(h  c.ai  liv  id.kU'  to  rotatf  thr<)iiv;h  a  -.ni.ill  .iiikI*'  on  il>  h.imllf.      I  he 

.riiiriplc  of  it-  UM'  ili|«niis  on  the  following;  ronsidcrations.      If  a  s|M)t  of  ll^;ht  is 

1(V— 


lir, 
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ri  IIm  II  A  '  II  .1  U.I  II  .in^l  I  111'  inirnir  n  llci  :  ^  ii  !~  mt.iii  'I  iipu.iril,  ilu  nnv  cimiit  i>t 
till    -|'iii    1-   III   I  111    -,iiiu    il.iiiii'iii  ,1^  ill, It    lit   ihi-   iMiiinr.      Il   .1   -;iil    lit   iii;lit    lir 

II  till  111]  iii!i  I  ,1  111  imimI  1  \  1  .III!  I  I  In-  inlri  III  im  i\  i  i  i.  I  In-  iin  i\  i  imiii  i  il  I  In-  lii;lit  uii 
I  111   1 1  1 111,1  ,i|  'I  1  ,ii  -  111  I  111   111  i-i  r\  I  r'-  I  \  1  ,  1 ,1,11  111  ,it  1  ill   Ik  'Ir  in  I  In   iii-l  ruim  iiT ,  .il-n 

III  '■!■  in  il'i-  -.iiiir  ilirri  I  mn.  Ilu-  i-  -Imun  In  I  li:  l,'i.  Nn.  !  .\  i-  the  t'ir>t 
I  I  -nil  II  lit  ilii  -|iiii  III  ll',_lu  ,ini|  \'>  ilii-  -1  ri.ijii,  iniiMil  li\  ,m  iij.w.inl  inii\rnHiii  "I 
till  iiiiirnr,  I  111  r.i\>  Imni  A,  ulirii  .itti-r  iitiMilinn  lh(>  iniiic  niil  nt  llic  i  ye, 
,i|  I  il  ,ii  III  1 1 111:1  tri  >:ii  A'  ,it  iiilinii  \ .  I  In  i-r  ,iri-iii'^  tri  un  14  -i  i  in  in  i  i  mir  Irmr.  B', 
,ii-ii  ,il  iiitiiuii-  lii-rnii  1  .  I  111  mil  rnr  w.i-  ninx  i  i|  iij'  .nnl  tin  im.ui-  ,il-ii  iiium-  np. 
l!   ,1   -Iliill.;  ruin  11  ^m.;  lili-  1-  lirlil   il)   Imni    i,|    ihi    ii|i-ir\ri|  IM-  -II  III, It    tile  r.i>3 

I  unniij  lint   .iir  m.iili    in  Imni  in\iTii  il  ini,i<i  -,  .il  -mnr  -liiri   ili-i.iiu  r  Imni  tlii' 

II  n-.  III  I  111  rrl  in,il  |  mm-  In,  in  wlm  h  I  In  a  iri-c,  ,ini|  il  i  In-  r,i\  -  .m-  ili\i  r);m^  In  mi 
llii    ini.i>;i  -  .ii;,iMi  uliiii  tlir\    n  ,ii  11  tin    nl  ,--ir\  i  i-  i-\  i  ,  t  In-  i  miililii  m  i-  ri\  ir-ii|, 

I  111  -I'll  III  l;^lil  ,1 1  I  I  ,11-  til  11,1 1\  1  111  ,1  ilini  I  H  111  1 1|  •!  ii-ili-  In  I  li.ii  I  it  I  111-  mn\  1  nil  nt 
I  it  I  111  mil  1 1  ii.  riii-  i-  -linu  n  in  I  ;^.  l."i,  Nn.  _'.  I  hi-  i,i\  -  In  nn  .\.  >  mn  i  r',;i-il  ,i!li-r 
1  ,  iiniiii;  mil  nt  till  1  \i-,  m.ikr  llir  ini,i^r  .it  .\',  tliii-i-  limn  li  ,il  IV.  Il  t  In-  n|  i-irx  (.r's 
I  \  I  111-  1.11 ;  111  r  .iu,i\  1 1 1.  Ill  .\'  ,1111 1  !>',  I  In-  r.i\  -  Irmn  tin-  In -I  lnwi-r  |in-iiinil  nt  tin- 
-|  ,1  it  I  il  h^lil  -II  III  In  I  mm-  Irmn  tin-  np)irr  im,i;;i-.  I  lin-r  Irmn  t  hi-  -i  r<  iinl  pLii  i-  nl 
tin-  -pi  It ,  u  hii  h  w.i-  rr.ilK  .ilin\i-  tin-  tn-l ,  trmn  ,iii  im,i-.;i-  Inv,  i  r  I'l.iii  tin  lir-t  iniai;t.-. 
1  In-  I  In  11  1 11  11  nl  inn\  1  mi  nt  j-  tin:-  n-s  i  i  -i  i|.  It  I  hr  nli-rr\  i  r'-  r\  c  In  in, mi  t  luiii 
till  111  II-  n|  tin  Irn-  t  li.il  I-,  III  .111  r  t  h,in  .\  nr  H'  ,  tin  mii\  rmiiit  .ipiH-.n-  In  In- 
ill  till-  ilii.  I  limi  nt  till-  nin\inu  nl  nl  lln-  niirrnr.  .i-  it  w.i-  wilhmit  tin-  Irii-.  Siip- 
pn-i-  ihi-  nl  .-i-r\  ir'-  (\r  1-  .ilw.n-  .it  ,i  ili-t.nur  nt  nm-  mrin-  Irmn  tin  -nlijrit. 
I  hi  n  il  tin-  liii-  i-  -trnii^i-r  ili.in  mn-  ilinpiii-  i  r,,  h.i-  ,i  '.n,  .il  li-ncili  ni  h---  iluiii 
I  in  nil  1 II  tin-  -|int  will  nin\  i-  in  I  In  mipn-iu-  ilini  t  ii  ii.  It  tin  Irn-  i-  wr.ikir  ill, in 
t  h  -  t  In  ir  will  In-  nn  ir\  ir-.il,  ,1111 1  tin-  -put  w  ill  mn\  i  in  tin  -.mi'-  ilin  i  t  imi  .i-  tin- 
inn  rnr.  Nnu.  it  t  In  -nliji  i  t '-  i  \  i-  i-  tint  nm  ni..l  Imt  !nni;--i^hu-il,  lln-  i,i\  -  win  n 
t  In  \  1  I  inii  nnl  ili\  ir-^i  Irmn  t  ,n  h  ntln-r.  'Vi<  lirinc  tin  -i-  In  ,i  Inrii-  in  IrniU  n;  hi> 
1  \  I  ,  -I  ill  ,ii  mn-  nil  1 1 1-  ili-t,illrr,  lln-  nli-i  r\rr  will  li.ni  in  ii-i-  ,i  -iriiiii;i-r  li-ii-  lli.iii 
ill  Imi  ,iinl  till  iiimi  Imii^  -iuhti-il  tin-  i-\<-  i-.  tin-  -tmn-i-r  tin-  Kii-  will  li,i\r  tn  Ik-. 
i\.i\  -  1  miiiiii;  Imm  ,1  -hni  I  -I'uliliil  i-M-  .iri-  .ilri-.iil\  i  mn  i-rf;in^  wlu-li  i  In  \  rnmi-  nut . 
It  1  111  ill  II  1  I  1-  -m.ill.  ,1  1  nin  I  r-^iiit;  li  ii-  will  -till  In-  in-i-ili-i|  tn  ni.iki-  lln-  tnn\  i-nicnr 
nl  I  In  -put  ,ippi  .11- 1 1  \  I  r-i-i  1  I  n  ,111  iili-i-r\  1-1  ,n  nin-  nn  I  rr,  t  Imn^^h  imt  -n  -t  rmi-^  ,i  nili' 
,1-  I-  niiili'l  tnr  till  nmin.il  i\i-.  Il  tin-  ilili-rt  i-  i;rr.i'.  ihr  Im  n-  nl  tin-  r,ivs 
w  I  limn  iii\  lin-  .It  ,ill  in,i\  lii-  ,u  -nnn  pnnit  1h-i  w  -i-n  iili-rr\  rr  ,iinl  -nliii  rt ,  .mil 
in  1  hi-  1  .1-1-  1  In  -put  nt  lii;lit  midm--  in  tin-  nppn-ni  ilim  linn  tn  t  In-  niirmr  frmii 
ihi  ih-t.  Tin-  rmiiliiimi  will  In-  ihn-  lik;-  ih.n  .iln-.i-K  ilr-.  riln-i|  tnr  l-'i-^.  l-'i, 
Nn.  J.  miK  ill. It  nil  Irn-  inril  In-  im.i^iiuil.  .\  iliM-r^i-ni  Im-  mn-;  In-  n-i-il  tn 
I  .u>r  it  tn  -n  tn  t  In-  -imil.ir  ilirrctinii  .iinl.  .1-  In  tnrr.  I  111-  -I  ri-n-^t  h  nl  I  he  liii-  whiih 
mii-t  It  n-ril  t;i\<-  ,i  i!ir,i-nrr  nl  'hr  ,il  iiinriii.ili  I  \  .  .\n  1  \,imiii,it  imi  nl  thi-  kinil 
I  ,111  In-  ilmir  111  ,iin-  pi, in"  n|  iln-  cv,  .iinl  iln-  inriliml  i  .m  tlnri-lnn-  In-  ii-i-il  in 
in;  .i-iin-  .1-1  icm.it  i-m.  in  ihi-  i  ,i-r  t  In  -tn-iict  h  nt  li-ii-  m-i  r--,ir\-  In  ^i\  i-  ri-\  i-r-.il 
whin  nin-  pi. nil-  nt   mnMiiuiit   i-  lit-ir,^  tr-tnl  i-  ililti-n-iii   Irmn  tli.it  Inr  .iiiDtlRr 

pkiTii  . 


CHAPTHR    XX. 


THE  RETINA. 


Tlic  \  iiw  lit  tlif  iiitrriiir  (if  the  t\il).ill  ulii(  li  cm-  i;C  ^^i'li  •'" 
(.|)litli,ihiiii~r<)iH'  n  \c,il~  ,1  wliiti-Ii  lining;,  tht-  niin.i.  <i\ir  the  -iirt.K  i- 
..t  uhich  .in-  t'mr  hraiK  In-  nt  .irt'Tit-  uhiili  MijiiiU  it  with  Mood. 
Tin Tc  arc  l\\<<  >]h)I-(iii  it  uhiih  ilil'tVr  in  tlnir  .ippt  .ir.iiu c  Imm  tlic 
n -t  111  till-  >urf.i(i-.  (  )iif  of  tlu>f.  >itii.itr(l  (linctly  oi)|)o>itr  tin- 
n  ntrt-  if  the  pui)il,  i-  tlu'  MAt  ri.\  i.t  l!:\.  Tlii-  i>  >lii;litly  r.ii-i'd. 
\rllo\\ish  in  (uloiir.  and  has  a  tiny  dt^pri's-ion  in  its  ccntrf,  the 
I  n\  i.A  (  lA  ikAl.ls,  tlif  part  of  tlu'  ntina  capatilf  ot  tliv  most  .iccurat*' 
\i-ion.  Tlu'  Mood  msmIs  skirt  aroinid  tlu'  \tllo\v  sp.  i  .md  do  not 
pas-  across  it.  Towards  tlir  luisal  side  of  this  and  miiih-  httlf 
distance  from  it  then-  is  a  shinini;  u  hitc  spot,  the  ui-i  k  lUsi  ,  \\  liirli 
HI. irks   the  ])assam'   thron^h    the   retina  of   tlie   tilirts  ot    the  optic 

IUT\e. 

In  1  riiiT  tli.it    thr-tudi-iu    ma\    h.i  ,  i-  I  In-  -t  ri;rl  iin-  '  il   I  In    ril  iti.i  In -h   iii   his 
■,:;ni|  as  .1  Im-i-  1(  ir  liis  cNpcriiiKril  ~,  In-  is  reiiiiinlol  ol  I  hr  ili  tail-  nl  it-  .iii.Uiin) 

•  iinl  lu-Ii'luy\   wliich  tolltiw. 

rill-  tiliris  lit  ''ir  ii|,iic  lurvi-  I  ntiT  llir  i-mIliU  li"in  uiit-hii  .irr.iiici'l  iti  a 
.  xliiiilrical  l.i-liiiiii.  1  111  li'-mt;  in  llir  miililli-  an  ,inir\,  l>r.ini  In  ~  < >\  \slin  li  \m-  lia\c 
-1  in  r.iinitv  iiii;  (i\er  1  In-  surLnc  ut  t  In-  rt  1  in.i.  W  In  n  tin  \  lia\c  jm  n  ol  tin-  niilcr 
;  i\  1  Ts  Ili  tin-  n-tiiia.  I  In-  lU  r\t-  til  in--  1  I  tin-  i  \  liii.|i-r  ili\  iilr  ami  -(  ti-a'l  nil  ii\i  t  it- 
■Ali.ili-  -nit.ur,  tliii-  toniiitiu  tin-  iiiin-riin  -t   n-tiii.il  I  imt  nt  all.       lln    wlmli-  n-tiii.i 

•  \lt  ml-  Inrw.inl  m  the  i-\i-liall  miK  a-  lar  .1-  tin-  I  ■ri;!iiiiiiii;  nl  tin-  1  iliaiA  pun  1— <--. 
I  nun  lii-rr  un  it  is  rt-pri  s<  nttil  -itiipK  li\  tin-  la\i-r  nl  Mai  k  |  i^nn-iU  ii-ll-  whn  li 
.  lilt  In  -  tin-  i-ii-ti  rinr  surface  nf  tin-  i  iliar\  Imik  .  lln  ■  ill-  uliii  h  an-  s.-ii-it  i\i-  tn 
iiclil  \\a\i-,  till-  tmnLinu-nlal  )  ,irt  ot  lln-  wlmli-  or;;an  nt  \  i-h  iii,  an- 1  nntaiin-.|  in  mn- 
-  1  the  l,i\-er-  111  the  n-tin.i.  Tin-  n-liii.i  it-ill  '-  In  In  re^arileil  in.t  simply  ,1-  rnni- 
1  aralile  In  .1  ^rntiii  nl  -iii-orx  in-r\i-  I  nilitii;  .  inninitiil  e.n  h  |i\  ,1  -in^K-  liliii- 
ilireilK   tn  th<-  reiilral  tn-r\nii-  s\-li  ni,  Imt  a-  .1  pail  nl  tin-  lir.tin  it-t-lf,  Imni  ,in 

h  it  is  tnrmeil  1  luring;  tin-  iU-m  Inpnn  11 1  ni  the  lu-t  u-.      .\(  1  nril- 


uit-ijniwt  h  nl  \\ hu 


in-j|\  It  (lint, nil-,  .is  wt 


II  ,is  tile  liKlil-sensii  i\i-  1  ill-  tlnin-i 


t  l\  e-,  I  wn  1. 1 


\er-  nt  ri  l.l\ 


ihri)iij;h  whiih  the  im|>ii 


.in-in-^  iti  the  -(-n-itive  eli-menl-  mn-t    p.i—  nn 


ir  \\a>  ti>  the  lirain  1 1-  ly 


Fit;.  tC>  I  he 


eletin-nls  wliii  h  n-iKiinl  tn  linht  w,i\ 


nil-   .itnl    eniK  s,   are 


laeeij   l.irtht-st   a\\.i\-   Irnni  .ill   the    iii.nni.ii^   liKht.        1  li(-\ 


.-.  tin 
Ihi 


;;■  in-;-  e::i: 


liie  i:i;lt-r  i't: 


I     .  I...  .  I. 


;-h  thi\    are  -ei  arau-il  eiily  l\    .1  la\er  nl   ILuk   |  ik;nieiu  nil-.      The  iiui  lei 


I  17 


us 


l.\i'i,kiMi  \r\i,   i'ii\-i«)i()(,N, 


i"ti,-|H„„|,„^.  ,,,  ,1„.,„  ,,r,.  ,„..,nr  ihv  .rnirr  ,,t  ,|„.  ,s,|..,ll  ,,„.|  ,  ,„  1,  ,.11  -.ti.U  ., 
'""""""^  t,l„,  „,«.,tn  M,lMl|„.n„,-,„,„l..,r  l.,vr,-,,|  ,i„  ,,,,„,,.  uhrnii  i~,,,n- 
'"""'""'"'"  'I""'""- '■'"■"■'■'  'iHtuM  nl.,v  ,,iU.  ,1„  |„,„,|,,,  ,,li,,  ||„  ,,„u 
'"''  "''-^'"'^  ''"'  1^'  '"  ''  ""'"'.  •""!  ^I'.hJu  -1,  ,1.1,  ,  ,,ul.,,  1,, ,,!,.,  I  h,A  ,,ir  ,  .,n- 
"'""'  ""''  ''""  '""I"  1'^  •"„  Ihna.l  l,k,  |„,,.,.~,..  |1„.  ,,„„.-,  ul,„h  ,,rr 
-'""'"    '''•'"  ''"    ""'^'  ■".    ..l-n,|,M,|.,|  „„,,  „„„,   ,,,,.1  .,„>,,    l,,nl,-^       Ih,,,   .,nt.r 

'''"'■^  "'    -'""'"    •""'   ^''"l"i    'l,.,,i   ,1„.„.  ,,|   ,1„    ,-,„!,,   ,|„    ,„„.,   ,  .„.    „„„!, 

'''"'^'■'  •""'  """H,  ,,-,1  ..hI,  |,v   ..  -ul,-i.„n,,,l  ,„,„,--  u„|,  „.  ,„„!,„-    win,  h  lu- 
"■•"""""''■""''■''"-   ""I"""!-        I  Ih. Nn.l, >-,-,, 1,1.,.  I, i|„,l.„,,lU.«ln,  !,,„.■ 
''"    "'^'  """-'■"""    P."l".l,l„,,„|,uN,..,,,,,,.nn,,,,.M,^   -I,,,,,   ,h„k  ,„.,,,.„., 
\7''    ''""    "'I    '""l"^'    'I"     '""1"    ■•'     «ln.li    n,,,k,     „|,    .!„.    „m,-,    „„.  I,  ,„     l,,s., 
'   "■  '''""'^   "'    ''"-'     ""^   "'     ^l",n.       ih,A    .„,!    ,„    ,1„     „,„.,    ,n,,l,.,  nl.„    l..s,, 
"'""    ''"■'   '-I  .M:~h  CHUM,.,..,,   u„li  tlh-  ,|,,„l,n,-  ,,|   ,|„.  „. ,|  ,,.|„    ,,,.||.    ,,„. 

^'""     ""-  ''      '^""        '^ -"'     'I"      CM,,!     .,li,     Ul,„l,,     ,„,..„,     ,„,,      ,|„.     M.n.HV 

'"■''^'  ''"■'"""  '■'^•■'"1  '!"■  ".,,„,,  .,i,.l  i.,i„  ,,,^,,1,,.,  ,,,  ,|,..,,|„:,  ,i,.,  ,,,^,,,,„,  „ 
''''"'""  '""'  '"  ■'"  l'''"~"l  'i,,.  ,,,,„.,  ,A,,|„  ,|„.  ,,„,,  ,,n,,.,l,~,l>.  1,.|.,,1.„ 
""~  "■'""•'   •"''  «"i'-^'i.>ll,l„,^t,.„„    >.,.|..IN,,r,,„„,,lU,.,,„l, „,■„,,,„„ 


J. J,     •/.      n.'.m     /,k  , 


'■I''     I''       l>i.,i;r.im  ,.1  il,,.  -itii.  inir.  :i    ti,,- irtii,  , 


■"■"■'•''"'''"■"'  ' "•(  ,,-,l   will,  ,„„    i;i,,|„  ,  ,  11,  M,  111, It   Ih,.  ,l,l„ll,.  ,   .,1  l,r,\c  ,  1,  „,(  ,)!> 

f|M.Mi,,,-,l  i„  ,li,.  ,,,,|i,  ,i,rM-  ,-  ,,  ;,,,.„1  ,|,.,,1  1,.-  ,|,,,n  ,i„-  ,in„il„,  ,,|  ..lU  ,„  ,1,,. 
"Iin.,.  .,„il  "„(■  t,l,iv  n,  ,1„  Mrr\.  i,i,,n  ,  ,,r,A  ,,,,|,„U,-.  whuli  ,,,,„•  (,,„,;  ,,„v  ,„„  ,,r 
•'"I"  ■iH  "I  .'  „in„l„r  ,,|  n,,!^  ,,;  ,,|  ,■.„„...  lb,,  his,,  ,l,,i.x  ,,|  ,1,,.  :,,\,..,  ,.  ,|,,t, .,-,.„, 
1,1  II,,^.,-  in  -,,„„■  ,„|„-,  ,,,,„,■,.  l,-,„„  tl,,,t  \\hi,h  u,-  li.,\r,|,-,  nJM  ,1.  I,  ,,,n.iM-, 
",lK    ,,|    |1„.    lli;l,l--,  „.||,\,.   ,,11.  ,,,,,1    ,|„.   ,'.„,.,   ^^|,„|,   ,.,,„,„.,,    ,1,,,,,,    ^^j,||    ,,_^.   j^^^j 

rrl.iv  .,11~.  lluM',  ,,,^,,|i,,  „,,!,  ,1,,.  y,,,,,,  ..IK  I,,  uhi,h  il„.\  |,,„|,  .,,,.  ,w,.,,, 
■""''  '"""  ''"■  '"^'■'  "-"  '"i'!.  pil''l  lip  .,r,„m,i  ,,.  , I,,, r^, ,,.,,,, I-,-  ,1,,-  ~liv;ht 
tin,  k.„ii,^  ,,i  ,l,c  ,,.,m,,  \sln,  h  M,rnH,n,l-  it  i  !„■  m-„-.iii\,  ,  .11,  m  ,},,  ),,v,.., 
.ir..  ,,11  ,,„„•,,  ,„,  ,,„U  ,n.-  ,.,  1„.  |,„|,„i,  ,i„,l  ih.v  .„.■  ,■,„  1,  .,1  ,1„„,  ,  .,n„,-,  ,,•,!,  I, n.ii^h 
.1  il,lt,n„t  l.,|M,l,,,  ..11  ,,,  ,,  M„cl,.  v;,..n,  ...11  ,,„,|  „,  ,,,  ,,  „.|,,„.,,,.  h|,r,.  ,,(  ,1,.-  .,,,t„- 
li.r\f.  V\u-  ,i,,^,,„i;,,n.„,  ,,I|,„,U  M,„i.'  h,M.,l,,i;„,,|  |,.,m>  l,,r  the  ,„„„■„,•»  ,,f 
■  ■"■'■;■  "'■■■■■  "•'='  ■■■■■'■••'  ■■■  ■•-'   ■•■-•'  .i.  -in. ,  ..„  i,  ,  .III.-  ii,,,  ,1  M-p.ir.iif  |,.,,h  t,,  iin-  |,r.,in 

''  '- '"'  '•'•"  i«"P"iii'Mii  th..AUri,.,l  w.irl.i  ,ii,,v  lK-.li>!in«,Mshf<l.i,M-p.ir.itc 

I'n.M.l,,]  ,l,.,i  ,(,.■  .,i,yl.-  |,v  win.l,  ihty  ..r,.  M-p.,r,,i,-,|  ,,t  ,1„.  ,.y,.   i>  .-,  ,„in,„f^  or 


:-=>\-- 


I  111     Ri  ii\\. 


IJ'.t 


I'Tc,  .It). I  |rri\i(l((|  ili.it  this  ,iri-  In.ik.il  ,ii  .|iit(ti\,  ili.ii  i~.  ili.it  tiiiir  mi.iu' 
.IN  1111   the   tdvru      (  iiri-irMc  tiiMi   t.\    i  In-   -,  liriiMii,    ,\,'   ~|i,,\s,   ih.ii    ,,m    .mcli' 

llu-   -I/I-   n|irr-l  MI-  .111   llll.li;.'  ot   .iImiiU      (Hi:;.",   11,111     nil   ill,     I,  IMI.I,   .1 1 1)  ,1  ( ,\mi.il  c  I V 

'  'i>l.tii,  !■  I  ruin  t  I'l  ,  inirt  u!  ,,nr  ,  ,inr  I,,  tli.ii  nl  .iii,,ili,  i\  ||  \\\r  |h,iiiI~  .irr 
"■'^'  'I  •".  '1'"  'lir'i  'N  .  I'lil   \Mlli  'th,    Mil  ,it  (  n<'~  i\,'.  i  li.\    nm^i   ]„    wuu  li  iii,,r<- 

■'•l\  M[..ir.it,-,1  ih.in  ihi-  ii,  .i|.|„-,ir  di-iiii,,  lr,.iii  .  ,,,  li  ,.ili,  i.  ili,-  .li-i.,ii,  .■ 
.  ,  ,  --.ir\  in,  rt.i-c-..  |,r,i,i,|K  -|n.ikini;,  tlir  (.irllii  r  llii\  .iii  r,  iii<,\i,|  |i,\s,iiiK  llif 
'  !  11  111  i\    .,l   t  li,-  \  l-ll.ll   liiM 

lli.it  ilif  ii!l^  uliiili  ,111'  niii-t  ilfcpK  pi, Mid  ,,1  .ill  ~li,,iilil  l,c 
Mi,i~c  uliicli  nsiM.iid  ii,  ilii-  \  il,i-,iii,in-  nl  ilic  licln  \\,i\t-  uniiM  ,ii 
"i-l  M^hl  .i|ipt.i'  irn|)nili.iiilr.  Ilurr  i-  .iliimd.inl  txidfiKf.  ii,,w- 
'  \tr.  th.it  ilii-  i--  tlir  <  .i-c.  ,i-  ilu-  two  Inllduim;  <  \|)trinuiu-  >li(i\\  . 

Purkinje  Figures.      Tli.'  i<  tin.il  hln-id  m-mI-.  l,.iii^  -ini.ttid 

H  lucrii  ilic  ^niiict'  (it  lii;!it  .Hid  the  rtct  pti\c  -iirl.icf  (,i-t  -'i.idnus 

11  ilif  ritlii.i.     'Ihtsf  art-  \  (T\   -m.ill  .iiid  li\   li.iliit  arc  di-i(v;.irdfd. 

It.   Iiii\\(\  cr,  thi\    it!)  lie  Ml, id'-  to  l.ill  mi  xmic  jLirt  nf  tlic  ritiii.i 

^^lti^h  (irdin.iriK   dntr-  not   kicim    tluiii  ilu\    iii,i\   lie  Mcn. 

Experiment  57.     M,ikf  tin-  -nhiri  t  tum  uiu'  cnc  iii\\,ird  ,iiid  Inuk 

t()\\,ird>  .1  dark  w.ili.     W'itli  ,i  Kn-  imu  ciitiMlf  ,i  v;nod  liylu  iiin.ii 

tlic  txpiiM'd  ^clinitii  .  till  ii^-int;  mi  a-  \i>  m.ikc  .1  -m.ill,  >iruiii^ly 

ilhmiiiKit'd  .in  ,1.     Nnw  ui\f  tlif  liii>  .1  1  irciil.ir  ur  i;tiitl\-  nn  kin^ 

iiidtidii.      Idle  titid  .ij)i)f,ir'-  tn  tlic  >iiliiri  t  tii  lif  rcddi>li  mIIhw, 

with  d.ttk  luMiK  liiiii;   Ir^iiri-,  mi   it.      'llit -c  ,!,-»■   ll;c  -li.iduw--  nt" 

Mnud  \(  KMJv.     In  tlif  diiict  line  <i|  \  i-imi  .i  -m.dl  >|)()t  I'nr  trmn 

-li.idiiw>  m,i\   in-  Mtri,  tile  ni,iiiil,i  IuIim  m-  \illuw  >|)i)i. 

I  111'   p.itli  111    till-  liylit    r,i\^   tlirmitili   xlcnilic  .iiid   (Imrnid   ,iiid 

ill    \itri(iii^  hiimmir  i>  >ii(iwii   in   the    rli,i>;r.im   -  I'i^.     J7  .     Wlicii 

lir  xiurci'  (il  lii;lit  i>  indxfd  ilii'T  i>  ,1  iika  tnuiit  nt  tin-  -h.tdnw  i>\ 

111-  iilnnd  \r— rl  mi   the   ritiii.i,  wliiili   i-  pmitctrd  oiitu.ird   li\    the 

ilijrci  .ilmii;  the  line  which  (miiici  t-  the  ixiint  -tiimil.itcil  with  the 

"d,il  piiitit.  and  w  hit  li  i-  iiit(  rpictcd  ,i>  .1  mu\(  nuiii  i,|  ,t  -h,i(liiw  in 

■'11    ticid  (it  \  i>imi  at  the  di-l.iiu  f  l<,r  w  liicli  the  (ac  i^  ,i(  i  (,iiHii(i(|,ttt(|. 

\  I-  the  tir>t  p(i>iti(,ii  dt  the  li^iit.  .\"  the  iil.in-  mi  the  nliii.i  wiiiri' 

iliidw^  the  -li.iddw.  A'"  tin-  pl.Kc  mi  tin-  m  it(  11  ,it  whii  h  the  t\<- 

.pp(  ,ir-   Id  ^t  f   ;lu-  >li,iddw  .      When    tiie  li:<ht    i-   iikimiI    in   R   the 

-'iddw    iiidxt-   td    IV  and    it-  .ipii.irent    pl.in-   in    the   t'leld    td   W" . 

\>.    i-    the    lldd.d    pdilll    dt    tln'    e\e,    li  \.    th(     p(  -itinii    dt    the    iildixl 

M  --el.      Ndw    tri.m^le-,  .\"Ii"  up.  and  n.[)..\'h'  .ire  -iinilar  and  we 

kii,  w    the  length-  .\"li",  up. A'  and  n.ii.A'.     We  ean  thert'ldre  lind 


ill   I 


].■»(» 


I.\  n   kl\II  \  1  \|      |'ll\  ~I()|  (  nA 


A'ir.  ilu  ili-i.iiKc  ihc  -li,i(l(.u  .i(  iii.ilK  niip\((l  ('11  the  n  tin.i.  IJiit 
Iri.inuli^  A'lr  li.\.  ,mil  li\,.\l'i  .ii<-  .il-i.  -iniiln.  Ilin  wr  kimu 
.\'\>'.  \\\.  ,iiii|  .i]i|iic\iin.il(l\  li\.\..  -d  tli.il  w  I  (in  lind  li\..\'. 
'Ill'  'li-l.iiiii  litiwctii  li;^lii-~(  ii-iti\  !■  l.i\tr  .111(1  tlif  lilco.l  \r-~fl. 
'I  lii-  i-  IciiiKi  t(.  hi  ,ilii  ml  (I. _'-(».:>  mm  ,  w  lii(  li  i-  -iiilu  iinih  lilst-  the 
ill-l.iri(  (■  ,11  lii,ill\  I  \i-liii;^  !i(iu«  (  11  tin  n  tin.il  lilcod  \i  --.(1-  .nid  llic 
I.i\<i  (il  K.il-  ,111(1  i(.ii(~  Id  -ii])|)drl  tile  (■(  UK  lii--i(  (11  ill, It  llu-<  ,irf 
tile  (  li  nil  III  -   ^(ii-il  l\  f   Id   liL;llI  . 


!•■'•  1"  T.  ill,:-M.ii.-  ihi- ,  ..iir-c  Ml  tlic  T.i\  -  «hi>  h  .  .1-1  ih.  -li.i.!..u-  111  riiikii.i.-'- 
tn;:.!''-.  .idl  th,-  line,  1 1,. II  .li'Ti:  u!,;.  I,  I  !„■-,■  -!i.,,:,,u  -  ,11.-  i.f.  ■  .  t.il  I  Mil «, 11'!  ir.l..  tliu 
\  i-ii,il  lu'M. 


Blind  Spot.  Il  m,i\  (,(>iiy  111'  sliiiwn  lli.il.  .illlioui:!!  we  arc 
uncdiivcidn:.,  dt  it.  then'  i-  .m  .in-.i  in  tlir  I'lfM  df  \  ision  dt  i.icli  lAf 
\\lii(li  i-  III. ink;  nhii'i  i~  |)l.i(ti|  tlu-ri'  .iri'  not  si-cn.  Cdn^triii  tioii 
\vitli  thr  xluni.uic  i\f  hhd\\>  tli.it  jiclit  Ta\>  frdin  this  ariM  tall  <m 
tlu'  (M>i!c  (!i-r.  !!:rc.  ,!-<  vi'  h.,,v:-  Mcn.  ijuri-  aR-  nd  nnir  dr  iiiiu-, 
the  l.i\ti>  wliich  Kinl.iiii  tluin  luiiii;  iiitiTriipti'd  to  allow  of  thf 
l>.i>r-.ii:i'  tliroii^li  it  dl  tlu'  tiiiit's  ot'  tlu'  optic  iutw. 


rt^'-''*i: 


---■'^::f 


^■-^^^^m^^w^'^-m^'  ^   .,^^ 


Till    Ri  I  IN  \. 


i:.i 


Experiment  58.  'I'.ikr  ,i  tltin  ^Irip  >A  imjui  .md  lil.i.kni  .ilpoiit 
1  nun.  i>t  it-  tnd  IlnM  ,i  l,ir-r  -.licet  i>|  p.iiicr  wiili  ,i  dut  in 
till-  (tnirc  Mitii.ilK  in  tmnt  i  >'  mm;,  Kirpiin^  \miii  Iu  .id  i|nit<' 
-till,  ch.-i-  one  CM'  .ind  \>n,\i  ti\ic|K  ,il  tin-  dd  with  tin-  ntlur. 
Mii\i-  the  1  il.ii  kiiii  d  I  !id  lit  llir  |i.ii>i-i'  -trip  -|ii\vl\  (.sir  the  In  Id 
III  \i-iiiii  and  111, irk  tin  pnini-  w  luii  it  -i  i  in-  1"  ili-.i|ipi  ir. 
Irmii  tlic-r  piiint-  in.ip  .iii  llu-  .in-.i  I't  tin-  Mind  -pi'l  in  itif 
\  i^n.ii  licld.  I  -iiiu  ilu-  -1  luin.itir  r\c,  -Ih'U  wlun-  it  inn-i  l>r 
in  till'  M  lin.i. 

The  Response  of  the  Retina  to  Light.  In  .idditimi  t"  tin- 
inti  irin.itii  in  linin  -nliitiii\r  rxptrinunl-  -n<  li  .1-  ilin-c  uliiili  \\f 
,iir,iliMUt  ti  1  ili-(  II--.  w  liii  h  I  il  (  nur-r  iii\  iil\  f  ,Mti\  it\  111  tlu  lii,iin 
1-  well  ,1-  llu-  f\f.  Miiiir  intiri-tiiic  kimw  icdue  .1-  tn  the  iMinn-  nt 
'111-  rt-iin,!-  rr.iiiiiin  tn  lii;lit  -tiinuli  li.i-  luiii  i;iii  linin  diii-ri 
I  xjx  rini(-nt>  mi  tin-  i-\c  it-i-ll.  llu-  tr(iiiiii|ni-  wliirli  -Imu-  ilir 
tn(i\  ciiunt  lit  tin-  rmu-.  llu-  nr^,iti\t-  v.n'i.ilinn  in  tlu-  nlin.i.  .ind 
du-  Innn.itiiin  .nid  di -I  nut  ii  m  ul  tin-  \  i-ii.il  piirpli  .  i-  iintnrinii.iti-K' 
till,  dittiriilt  jiir  rl,i"  t-\i)(-i  iint-nt-.  Tlu-  -tndi  iit  inn-t  turn  tn  iii- 
!i-\td)iiiik-  Inr  inliirin.itiiiii  .i^  ti  1  tlu-  ii.it  iiic  .nid  -i-cnitu  .iiu  »   ■  it  tlii- 

'Aiiik. 

1  »\KK  .\|i\l!  \  ill  iS.  h  i-  I  inuii.ii  th.il  I'M-  ,il  iii<lil  1  1  in  .mLiiW  iiuiiii  1  .III  -1  1 
livln  -  -11  !,i  111  I  luit  I  ill  \  wuiilil  111! I  I'l-  ni.ii'i-  1. 1,1 1  ,it  .ill  li\  i!.i\  .  I  hi-  i-  m  I'.c:  i  iIih 
III  .m  .iitiial  liiwiTiii.u  111  I  111  ihii  -lii'M  I'l  I  111'  lli;iil  -iii-il  Ivr  I  li-inint  -,  .iiiij  mil-  iii.r. 
-,ili-ly  niii-M-ll  ii\-  -iiii|  li-  i-\]  11  inii-n' -  tli.ii   llu-  in.iiu  j-.u!  .11   ir.i-l  i>\  llii-  1  li.iiu<- 

11  lliri -Imlil  mini,-,  nut    in  du-  liin    nl  ilinil   \i-i.>n.  I'Ul    in  tlu-  pi-riiiliii  .il  tu-M. 

llu-  iili-ir\  .ilinn-  .III-  cnliirK  -uliji(ti\i-  mu-  and  tlu-  -tuiii-nt  nni-t  in.iki-  llu-ni 
'I'l  hiin-i-ll  niiili-r  -int.ilrli- ( iiiiilii  idii- 111  iii^luin^.  Il  nni-  limk- .it  tlii--k%  .it  tui- 
!'.t:lil  -i-.irihing  lur  llu-  t'lr-l  -t.ir  ii  ni,i\'  aiiii.ir  <in  mu-  -idi-  nr  .inntliir  nl  llu-  liin-i  t 
^■111  III  \  i~iiin,  (inly  In  ili-.iii]i  .ir  wlii-n  Inokrd  .11  ilin  rtl\  .  Sin. ill  p'l  1  1-  uf  Nvliili- 
i['rr  im  a  M.uk  li.u  kj;riinnil  in  ,t  il.irkriu-il  ihdmi  ,iri-  \i~ili|i-  ,1-  Intit;  .i-  llii-\  .in- 
:!i'l  in  llu-  iliri-rt  liiii  nl  M-ii  n,  Iml  ili-.ip|K-.ir,  1 .11  h  .1-  its  iiii.ii;i-  i-  nuuli-  In  I. ill  mi 
'111  tiiM-.i.  Iiuii-cii,  wiirkci-  in  tlii-  I'lil'l  li.iM-  lint  lii-i-n  .iMi-  in  I'iikI  ili.it  .iiu 
Ul  riiii;  nl  tlu-  I  liri--lin|(|  ,ii  ,ill  m  .  iir-  in  t  In-  fn\i-.i  1  luring  .n l.i] it.it  Imi  In  tlu-  d.irk 

:'i  llii-  in.iki-  it   I  riili.ililr  lli.ii    tin-  i  li,iii;;r  in  tin-  llnr-linM  nt   tin-  |n-ri|ilii  r.il 

'■!   i-  a  eli.nVi;!-  in  llu-  in.j-  .nul  i-  nnt   -li.iri-il  !■>    tin    .  nm-.     'Ilu    .i'!.i[iiatinn 

.-.liih  till-  md-  unili-ri;n  i>  thmr^lit   tn  In-  ,i--ni  lali-d  with  tin    pn-riiii-  in  tlicm 

■'!   -.  i-ii,il  [.iirplr,  till-  inkiiiri'd  -iili-t.inn-  wliirh  i-  fnriniil  in  tliini  in  tlu-  il.irk. 

'  1  111  tlu-  (  liitt  r(,i-nn-  Inr  llii-  i-  tlu-  -triknii;  ri--iinlil,ini  1-  lii-t\vi-i-n  tlu-  -i  n- 
■;M\rIU—  nl  t  ho  Iiik;nifnl  nn  niu-  ii.imi,  .imi  nl  tin-  ilark-.ul.llitcil  f\<-  on  the 
"iliir,  In  wa\es  of  ilitTerenl  li-ni;th-.  When  several  ilitTen-nt  cnlmirs  ,ire  sien 
Uliiier  biinil.ir  li^litint;  rnnilitinin  it  is  nnl\-  .1  matter  nf  jiiil;;inent  winch  nl  them  is 


M 


iL 


r  Vn   K'IMI   \  I  \l      \'\i\  ^l-i|  (^.,^ 


till-    lilit'llli  ~l.    hilt    1IK  -I    111. Ill, .il    liicli\  hlii.iN 


il   -lii.w  II  ,1   -|.i  f  1 1  mil   in   ,1   liru;ln  l\ 


livlili'l  II  oil  I,  |H(  k  mil   i|i(    M  lli.u  ,i>  I  III'  1,|  i-liii  .1    p.irl  III   II  ,  111  i^liii  I   ill. I II  1  11  Ik 
rill,  Mi,iiii;r,   i^Miii,   Mill    nr   viiilil         ||   ImwiMi     ill   li^hi    i«  -hut    I,,, I    ,,|    ill,    riiiiiii 

'■^'  '  P'  I  li.il  I ni^  I  lumuli  I  111    [11 1 -11 1  uliii  h  m.iki  -  I  In    -jn  i  ii  uiii,  .ill'!  il  I  lir  ia<  '- 

•1"     .lllii\M  i|   III  l»  I  iillll    .li|.l|.li  .1   li.  lllr  ij.ll  k.  l!lr   |i|.li  1-  i.t    ^11  .III   -I    lni^liIIH  -.   Ill   llll■ 


-|  '  '  II  Mill  .i|i|.i  .11  ~  111  -lull   I  mil  I  \  I  lli.u   1 1 


I  lii~  I  iiliiiii  .11   i~  111  1.. 


,il-ii  1  111    iiiii~i  I  IIm  I  i\  ,■  in  M,  .1,  hni^  ill,    \  1-1  I.I  I  |,iir  I  |,  |  h,    ,|„  ,  t  nun  iiiiilrr  tin  -r 

(  mil  I II  Hill-   lUii  .i|.|.i  ,,1-  -hm  1,  111  i|  .It  t  111    ri  i|  1  imI,  1  li.ii   i-  ti 


~.i\   1  lir  liiir,/  vv.i\  1^  ,111- 


1     nil    I  III'    |.|ll  I 


I'll  It"  li\i    till   ilu-  ,\,-  III  till-  ~l,iic,  .1-  tliiv    .irr   .il-ii   tiiiin.i  I.I  I 
lis,  Il 

^miir  III!  I  111  I  i\  hIiih  1  uliii  II  U  .u  ^  mi  i  In  -.inn-  ipn  -t  imi  i-  -nt  In  .in  nl.-i  i  - 
v.ilimis  ..n  llir  Ai  llKiiM  \  111  nr  1  iilmiilr--  iMki  -lliii  11  II.  .ilii  I  I  hi-  i\i  -  h.ivf 
111.  I. II  ir  .iil.i|ilci|  111  .1  il.iik  Ml.  nil,  li;;lil  1-  ^i.i.jii.ilK  I  ill  I . ..  I  n.  i  .  I ,  .i  11  i.|i|i  i  I-  in  '  lie 
TI  II  nil  111   .III  \    (  lillilir  <\<  rpl    Mil    li  ink  1  nil         'r--   ulllll    In -t    I  II,  \    I  ii  i  i  mil'   i  n  I  l  l|  iIll  ilr  , 


1-  it  il 


\l  \     Wllf    II 


i.iilc  ii|i  .il   \.ii\  liii;  -11.,  .1  -  111   uliiii    .III. I  ^n  \  ,  .iml   II    I-  iiiiK 


I.iiiImi  illiinnn.iiimi  ili.n  ili,\  .i|iii,-.ii  m  lluir  nwii  iiiii-.  I  hr  iiiiii\.il  lining; 
\sliiili  lln\  scni  iini  iilminil  i-  ilii-  .ii  linnn.ii  u  iiii,i\,il  ki.l  .i|.|c,i-.  Ii,i\,  im 
Mil  li  ilili  I  \  .il ;  I  111  \  .i|i|i,Mi  .11  mil  I-  III  I  hrir  nu  n  i  .'Imir,  Inil  I  hr\  i(i|iiirr  .i  -lrmik;i  r 
li^;lil  III  iii.ikc  lliiin  \i-il.|r  ill. Ill  1-  iiiiiliil  1(1  iii.ikr  ilir  iiiliir  iiliicii-  -hiiu  .,■. 
I  nil  111!  Il—  ^;ir\    mi,  -.       'jhr  \\|i,i|,    |  >lii  ni  iiiirin  Hi  i  .ill  In    -ii  ii  mil   nl  ilum-  .il    i|, 


lu  n. 


i\  lii;nl    r\  I  r\  I  liiiii;   i  mm  -    inlu 


|>i,    ill   llii    iiMi-r  milii,  ,ii    ijii-k.      .\i    ill,-   In-i 

^  I'  "  .I-  il  1"  .1  I  mil,  .ill  111. II  k,  wliiir  nr  UK  > .  .111.1  II  1-  miU  .i-  ilii    li^ln  in,  n-.i-i  - 

tli.il   llir  11  .i\  c  -  I  liaiiKi'  triiin  ^rtA   I"  K'>t".  I'lm  -.  >i  llnw-  .mil  \  inki>  appcir,  ,mi| 


.Itiiiwci- I  inn  liiiiii  lil.n  k  nlijcil-.  ti:  liriulilK    rulmin 


I 


li>c  rr-iill-  .ire 


mill  |. nil  i|  ,, 


tiilli 


w-:  in  llii   li^lit  I  In-  rniu-  li,i\f  .i  thn  >liiili|  Inwi  r  i  h.ui  I  li.ii  nt  tin 


riiii-  ,1111 1,  -nil  I   ill,  \  ,in'  ,  .ip.ililc  ul  ,llsi  iny;iii-limu  .  nimir-  ,i-  uill  .i-  iiuriK  tirij;lil  - 
III  --,  Wf  Mf  ,ill  liiiii  III  wliiih  tlicri'  i>  Mil  ire  nl  -nmi-  w,i\c  It  nuili-  tli.ni  nl  nilur-  ,i> 


inlniiriil  liiiii,   II"  ni.illrr  liii\\    I, mil    il    iii,i\    1m-.      In  il 


throlinlil  111  ill,'  rmu-  i--  iinl   i  li,iiii;i-ii,  Iml   lli.il   i)l   llii-  r 
111  I  .iii--r  III   ilif  (.rt-.tiii  !■  Ill  ilicin  111  ihc  \isiMl 


ir   (I. irk   ,iil,i|iiiil   CM-    ill,- 
ml-  1-  liiwcriil,  |irii|i,ili|\ 


piirplr,  -II  I  h,it   tluA    ln(  ijiiir  nil 


-(■n-ili\t    ill, in  tlii-,mu-,      I'h,-  :,,t\>  .irt-  nut    nr^.iii-  ul   i  ulniir  \i 


wlitn  -I  iniiikiicl  iliiA  viN 


UiNf  ri-f  uiiK  In  MTi-.itiuii-  ut  lirii;lu in--.      I'licrfturi-  I 


•  lull,  rin\M\,r, 


Dili 


liclit-iil  w.i\.'  Iinuiii-  uiliiT  lli.in  rill  ,irf  tir-t  -iiii  li\  tlir  mil-  nt  ihr  ikirk-.ul.ipuil 
1  \i'  ,1-  inlmnli—  r,i\-  .iiiil  mii\   ,ittiii  tin-  inm-  ,iiiii  .qi 


11. u   riilmiriil   w  Inn   t  ln\ 


.11   .ill,  ,iii(| 


li,i\i-  iKdinif  ,1  uiiiiil  ili-.il  -irmiuir.       Kiij  lii;lit-  ilu  imi   ,ittt(  i   the  rmj- 

tlirir  ill,  Ti  ill  II  -  mil   .ipi  ,  .ir  iiiil  il  tin  \   .ire  -I  mm;  fiiniiuli  lu  -I  iiniil.ilf  ilu   i  niu>, 

I  lull    1-  .III  .il.iiiiriii.il   i\p('  lit   %i-iiin   knnuii   ,i-    im  \i    ihihik    iu.imisi-.-.-, 

uliu  II  -linw-  .1  uun.  1  iii.iiu    pi.ini-  nr  rr-iiiili|,inri'  in  i  In    \  i-imi  ut  .i  il.irk-.uLiplcd 


1  Ul  h    \\  Ilu  li,i\  r  I  hi-  ill  111!  -. 


IT,  .1-  l,ir  ,1-  nil 


r  I  .111  iklirnimr,   ,tll    hunt-   ,i- 


1  I  ill  nil  11—  .    I.l\  ■ 


it  ilillirinl    «.i\  r-lmulli-  ilitln    In  ilinii  miK    in   liriel 


uiit  111  --  .mil 


.lll\     I  \Mi  I  nlmii-  1  .III   In     11 1. Ill,'  In  Link  1  \.li  ll\    .lliki     In  |  lu-  i  ulmir   lilillil   1 


I  I'l    111  lulii  111-- nl  mir  III  I  lu' nl  hi  I         I'wu  riilnin  -  u  hiili    iiKiiiliin   tluir    iiiilum 


\   \,ir\in>; 


Uiiu  nt 


I.,;. .1.1    .1. 


.11''  ilittiiiiit    nut   iiiiK    III  ,  iilnnr   Iml    in   I  iriuln  m--   iiiiiii  r  mil 


iii.ir\    (1111111111)11-  ut 


I  iki    ihr  il.irk   .i.l.iptiil  i\,'   ihc  1  nliiiir  lihinl   i- 


lllnlf   -in-iliM'   In   Ilu- 


Till       Ivl    I  IN  \. 


I  :.;< 


!  ■irli  r  u.i\  r  Icii;;!  Ii- ;  ,i  l;i'<  ii   uIik  h  ,i|i|.c,ir-  In  I  In-  i  nlnut   I.IiihI  i a  i    In  iii.iii  li  .1 

I  M,mi  \.  ll,,u  M  .  11,--  iM  till-  iini  ni.il  III  <l,i\  li^lil  Id  |..-  IK. I  mils  ,pt  .1  diltiTi  111  c  .ilciir 
•    "Ml  till    \i  Wuw  I  h.i-i  II,  lull  .il-o  Ir--  |.ri.;lll  ill. ill  11  I  In    -i^lil  cil  |nu(ilc  win.  Ii.ixc 

I  ill-  ilrli  I  I  I-,  i-.i-iK  l.iii^iK  i|  in  1.1  vlit  1  vlil  ,in<l  1-  11 11 11  li  li  --  .n  iili  1  li.m  ilir  in.i  iii.il 
In  I  111-  (l.ii  k  It  l,ir  -iiri..!--!  ~  I  In  111. 1  mi  I  in  .1.  .  iii.i.  \  ,  M  iiu  ,  .1I..111  Mi  ml  |.<  ..|.l. 
i\i  .1  I. lull  I  -I  K, I  111  llii'  liiM  ,1,  -I,  I  h.ii  I  111  A  -ir  iM.lliiii;;  111  llii  iliin  I  Inn  ul  \  i~ii.n 
:-il  oiiK  in  I  111  I KT 1 1  .III  1,1 1  InM  li  1-  ilii.ii^;li|  ili.n  ih.-  .  .  imlii  1..11  1-  nni  m  wliu  li 
■  III  rnij-.  111,1  ml\  liiiii  lii.ir  'I  In-  |..ii,illi  I  l.ii  wn  n  lln-i-  i  \i  ^  .mil  lln-  in.i  in.il  .l.iik 
lil'li'l    i\i'~    i~    mil    ii.inplili  rin-    vi-inii    nl    lln-    inlmir  Miml    i~    mm  li     llir 

i"ir  .11  nil-  ,iml  I.  iiliin  I  iiiiiii;li  ~i.  Ill  I  n.il.lr  ilir  viil.ji'i  i~  III  II  .III,   ulm  h  ,  .ininit 

■•    iloiir  Willi  iiiirm.il  il.irk-.iil.i|>iii|  im-. 


C!i.\ni:K  \xi. 

COLOUR  VISION. 

It    i-   .f    l.iiiiili.ii    1,11  I    ;li,ii    w  !m  II   (iiiiii!.ii\    wliilf   li^lil    i-   ]i,i--((| 

I  III'  Ml.  I !     .1     I  11  Mil     I  111      W  .;\  I   -    111     \\  llli   h     il     i-    I  M||l|   (    -cil    ,,t(      n   ll.K    l<  il 

I"  .1   '^11  .III  I    1 .1    |i  ~-  I  \li  nr    ,i(  I  '  iiiiiii^    Ic   I  Ik  il    1.  II i; ill.       \~  .i    ii  -nil 
1  lie  -III.  Il     I  II  .  I  III  \\  I  III  1 1   w  ,1-  in.n  11     11]  1  1 .1   w  ,i\  I  -  I  it   ,ill   11  ll'^tll-  i-  -]  lit  ,ii| 

•  ml  lull .  ,1  1 1  nil  I  i  ,|  li.  lit .  >  iiii  i  ml  nt  w  liii  li  i~  N  .i  im  ij  |.\  tin  -In  iiti  -t 
'■t  .ill  ilii  \i-ili|i  i.i\-.  tin  ii.iit  liiiiin  ili.iii  111  \t  111  it  li\  tliii-i-  .1 
iiliii-  Imiu'  r.  .iiiil  -11  Mil  tliii  iii^ln  lilt  tin-  \v  1  u-  ImikI  until  iln  ntlur 
<iiil  I-  11.11  liiil.  wlinli  ciiiil.iii-  llii  |. ill. 1-1  \v.i\i-  tli.ii  ilii-  i\i-  i.Mi 
I"li'l\i  .1-  ll.lu.  I  111  |i|i\ -li  ill  i.:i(  il  rill  1  t  (.1  tin-  It-.il  I.ill.;!  lllrlll 
1 1|  I  lif  w  .i\  1  -  !-  Ill  in.iki  till  lf.;lii .  w  liii  h  \Uii  II  niixiil  u.i-  iiiu  i  iji  uiicij 
111  w  lull  .  .ii)|iiMi  111  I  If  ni.nlr  11]  1  lit  .1  \\  In  ill-  -iin  -  i  il  i  i  i|i  mi-,  km  i\\ 
.1-  iln  -|nilinin  I  lir  inliiiii-  .iir  .nr.iii'^ii I  in  ,i  ililiniir  utijir 
.11  1  1 '111111.;  Ill  iln  lrii.,ili  111  till  w.iM-  (,t  1  ,11  li  ]),iit  lit  till  li.iini  i  it 
li^lil  Till  -liiiili-i  lit  .ill  li'iik  xinltl.  iln-r  iiixt  llnni  Miir.  liir 
\\.i\i-  iifM  tln-i-  .f..iiii  '.^niii,  ilirii  \ill.i\\.  ilii  II  i.r.iM'.^r.  .iinl  tiicn 
I'll.  In-t  -I  iilit  .iinl  iln  11.  ,it  tin-  iinl  ,,\  iln-  |,,iiiil.  i  liiii-nii.  I..irli 
<  nil  mi  -1 1. nil  -  iii|M  1 1  1  ].iilil\  iiiii  1  iln  I  iin  m  \l  il .  -i  >  lli.il  ,i-  utll  ,i- 
llin-r  wliiili  ui-  li.iM  iiiiiiiiiiju-il  \vi-  i.iii  liinl  in  llu-  -luiirimi 
niinil'ii-  111  I'lliti-.  -mil  ,i-  un  riii-li-1  iliic.  \  ii  .|i-l -1  ilur.  i^n  ciii-ii- 
\  1  III  '\\  .  .iml  -1 1  I  111. ' 

I  In  '<■  .ni    tui  1  I  ii  In-r  w  .i\  -  in  w  liii  li  li-lii-  iii,i\   ililTir  tn  m  nm- 

•  nil  ill  II  I .      I  'it  i-  in   iikK.ii  1  \t  --.      (  »|  tun  r.i\  -  i  it'  the  -.iiiir  i  nlmir 
it  "111    i-  iiiiiir  iiilrn-i-  ill. Ill  liii-  (iil.rr  it  liiiik-  |iri'.;liir|-. 
Experiment  59.       I.iki    lun  -Imi-  nl    \h[\nr  it    ilu-  -.imc  miimr. 

I'l'ii'     I'lli'    IK. II    .III    iltrllir    liclit    (it    I(i\\.    .iml    till'   ntluT    Ilr.ir   .1 

■|..ii  11  111  I  111  -|'i  ,  1  i,,l  1  i.lmii-  ii;.i\  . 1 1-1.  1.1-  pill. 'ill  n  I  1 1\  I  111  11-1  111  1 11-4  nil -lit-. 
I  1.1  1  nil  11!  I-  1.1  llii  -r  ,|,  I  1  I'll  ,.n  ill..  1,1,  t  iliii.  li..!!!  llu-  w.iM  -  i.|  ijitY,  ri  III  1<  n^lh- 
ill  -I  I'l.ini  I'l  uliili  li.lii  t.iliiii^  mi  iliiii:,  ilh\  ,il.-.i.|l,  .ill  i\,i|.|  ih,,-,.  uhiih 
lii-liiiU  1"  .1  \i  1  \  liiiiili-il  .111  ,1  111  iln-  -|  II -it  HI  111,  Miiir  ii.iiiu  .  till-  in-I.uu  1  .  n  lli  it- 
unK-  ilir  1.1,11-  u,i\i  -  ,,n.|  .1  ti  u  ..1  I  111  -n-i  11  .nnl  .il-mli-  .ill  iln-  niln  T-.  ^■l-llo^v• 
t;i.t"  ,ii.-,,ii.-  nil. -I  111  111.  \\,i\,  i,  ii.;iii-  I.iiJin<  mi  ii  i  \.  i  |ii  ilic  xillnu  mii-,  .iinl 
lie  111  "  liii  II  !i.  -  |M— 111  I  lmiii.;h  it  riiii-i-i|iii  ni  1\  li.i-  i  li.ii  i  ulniir. 

\r,\ 


\^'nKi'r.£L*Kn<r'?.'xvyk 


"»- .-  -^ 


w-  m-- 


t  — -  J-  =i- 


m  -.-  •»- 


U 


(  '<  i|  Ml    I;    \  \-\i  i\  l."ij 

liulil    I'     'lull.   I  .iiiilK -|M.\\i  I .       I  lu    Ml. .ml    1.1. k~   Lii^IiIm    tiuin 

lllr   tll-l  . 

I  li>-  i.tlirr  \\j\  ill  wliiiji  t\M,  -.iinplt  -  ..t  till  -mil  ..liiir  iii.i\- 
'lillif  i-  in  llir  |ii.  •]" 't  I  i.  11  ..|  wliiir  li-lii  wliiili  ili(  \  t. .III. nil.  \ 
'  "l"iir  u  liii  li  I  .  Ill  1. 1 1 11-  11"  w  liilr  Ir^iii   ,it   .ill  i-.  |.li\  -ii  .ill\    -|i.  .ikiiiu. 

'  "111]  ill  1 1  K  ■■  V  M  k  \  II  |i  .■!  till!  .  llir  Tlli.lr  W  1  li  1 1  iillr  llli\i  -  W  illl  it 
'111     Ir--    ~,|  1  II '    I  In  1,    i.l     llli     [i.ilit'.    il    I111..III1-. 

Experiment  60.      I  .iki   iw . .  -h. .  i-  .  .1  \ .  11.  .u  i  i--in  p.  ijni  .ni.l  imt 

I'll!'    ..\rl     .1    |iliir    I.l    liiM\\     p.iliil     .  .|      llii      -.illli-     -liiili      .iihl     l,i\ 
I  llr  1 1!  lur  1  .\  rr  .1  -llri  I   i  .t   U  lllti    pilii  r.       1  111  A    1  "  .1  II   ll.i\  r  I  111    -.mil- 

I'.l.'iir  iml   till    iii-i   I-  iiillir  ..i   iii.,:r  -.iiiir.iii  d  ill. in  ilir  Miimij. 

|i.lli'!    '  .III'. 
I  111     i\iilillir    W  llirli    w  r    ||.i\r    lA.i  llli  III. !    -.  .    t.if    \\..ulil    liMil    i.|U' 

I. .  tliiiik  ill,  It  I  III  -I  ii-iti.  .11  1 .1  ,1  L;i\  I  II  1.  il.  Illl  w  ,1-  (III  inU  i|r|M  ii.  Inil 
'  'II  llir  .11  lii.ii  1.11  1  ',1    niiii.i  I.l  w  ,i\  I  -  I.l  ,1  I  11  t.iiii  Infill       1 1   w  .  .iiM 

-I  1  III     tll.lt     till'    -rll-.ltii.||    ..t     \(l|i.\\.     Iiif    ill-I.iliii,     W.I-    -illlpK      till- 

;  ili\ -il  ill  I'l^ir.il  ri  -till  i.|  llir  .irlinii  i.l  \\,i\i-  li.iiii  ili.ii  ji.iiiii  iil.ir  jiirt 
..|  the  >|ni  tniiii.  111!  -tiiiliiit'-  .iticiitiiiii  lii.wcMT  i-  .linritil  in 
I  hi-  ri'u.inl  |. .  llir  n-iili-  ..I  tin-  iwu  1.  .JIuu  iii.^  t\|)rmiu  iii  -. 

Experiment  61.    The  Effect  of  Stimulating  the  Retina  with 
Two  Different  Colours  at  the  Same  Time,     i  i   ni  itu  |mim  r 

ili-i-  jifi  i\  il  III  I  rlii.i.-i-  .111  iir.iiiL;i  .Mill  ,1  '.^riiii.  ti.li.iirs 
-itu.ittil  iniiiiciliauK  mi  i  iilur  -liii-  nl  mIIi.w  in  ilir  ^fui  iriiiii, 
liif  u,i\i>  III  iiiu-  iniiii;  inii'^fr  .iinl  tln.-c  i.|  the  i.ilur  -lii.rUT 
ill. Ill  llu-  \tlliiu  \\,t\i-.  .\rr.iin;c  tlicm  in  llu-  riii.ii.n  -k  ili.it 
.iliinit  iialt  i.t  (Ml  h  -li.iw-  .(Illl  -pin  tliini  r.ipiilU'  iinlil  tlu\   -t  iiii 

III    tll-f.*       TllC   Ciilnlir    whirll    ti);;rtluT    lllr\     pr.iiillrt     i-    ,i    m11ii\s 

*riir  iijiMJ  \\.i\    t'.  II  n\  1  .  ili.ur-  ..11  I  111    ii-i  m.i  i-  t..  .  .in-.'  i  'i.-  r.o  -  In  mi  tli.i-r 

irl  -  111  tin-  >ii(i  t  riini  \v  liii  li  .  .  .iit.iin  tin   .  Ii  -inil  .  .  .I.nir  -  n  .  .  .  .in  i  i\;i'     i:.iin,  -n  t  ii.it 

!;.  \  .11  I  ii.i'.U  l.ill  I'll  ill.'  ii'liii.i  .11  1  111-  -.111.  ■  I  mil  .      A  -iiii|iii  f  nii'.in-  I-  I  ii.ii  .i.|ii|.lril 

.  I.  .  in  -tiinul.itiiii;  I  in-  n  I  m.i  \\  il  h  .iltirii.it.    ll.i-lir-  ..I  t  In-  i  ..l.mr-  li.lL.u  iii^  i-.u  li 

■  il.  I  in  M'ly  r.i]  i.l  -m  .  i--i.ir. .      .\.|\  .uii.i^i    i-  t.iki  ii  ..I  t  lir  f.i.  t  t  ti.ii  t  i,.    ri-.i.  tinn 

:  1 1 11-  ri'I  iii.i  i|iir>  11.  .1  1  r.i-i-  ininii'.ii.iti  i\   t  lir  -t  iniuln-  i-^  \\  illi.lr.iVMi  l.iit  I  i-t  -  t.ir  ,1 

:'  I  i.  11  II!   ,1  -iiiii.i  .illri   u.       rill-  ii-iilt   i.imi.il   \n-  L:.'t   I.N    iiiiMiu;  t.i^itliiT  |.i^;- 

•    '  -ii-  ..I  till'  I  .li.inr-  wtiii  li  it   i>  .ji  -ill  .1  t.i  .  .11  111. in.'.      1' .  ir  in -I. in.  i  ,  .ill  linn  <li  Miic 

:    I  \i'lliiw  lii;lu  tliri.wn  t.i^rlh.  r  mi  I  lu   n  t  in.i  ■..'i\  .■  uhiti'  i  .r  i;ri'\  .  1.1  in  .iii.j  mIIdw 

1 1^1  \  illnw  pii;iiiiiil  ri'lli'.  t ,  .il.  .iil;  with  I  liiii  |..ii  I  i.  iil.ir  i  .il.iiir-,  -.  mii'  i;ri-i-n  r.iys 
\\  hi  II  tlit-y  an-  mixcil  tin-  liliic  .ilourh-  v.lluw  lii;hl  whirh  thi-  \rll.)W  |ii>;iiifnt 
ui.iil.l  li.ivc  ri'tli  I  ii-il,  till'  \ill.i\v'  ].ik:ni.  lit  .liM-  .1-  mil.  li  |.ir  thi-  l.lui',  .iinl  tlii'  i.iily 
roil  HI  r  II  ft  iiMr  i-  tin-  j;rii  n.  wliu  h  u.i-  i  ..mjii  ;<  1\  .il.-orlK  .1  Ln  ih  itlur. 


irtti 


I    M'l   KIMI    \  I  \|      |'||\  >|i,|  ,  „,\ 


' ''''•-'    '•'•    pill.    ~|M  ,  ir.il  ...Imim.  ,:|,K    .(  lull,    1,  ,,  ,,,tiii,,i.  .1 

(  li.iii^.  Ill,  ,li-k-,  l.ikiiii;  till-  iitm  I.  .Mi-li  .,1,11^,  ,11,1  \.  ll,,\M-li 
>^'"'  "  I  li«  -«■  '  ..l..in-  .iir  .lU,,  ,.|i,-  ,,M.,ii^.  t  ,,i,,|  ,,||,  ,,|  -li,,M,r 
^^•'''  I'li^'li  Hi, 111  \.||,,u  I, lit  t|„\  .,,,  ,,|,,i,  ui,|,U  -,  ,,,,,,ii,,l 
'"■I"  "  "I  'li.  |„  ,  l|i;iii  III, ,11  ill,  III. I  lu,,  u,  I,  W  li.  II  s,.|l  -pill 
''"'"  ^"11  •'v.iiii  w«'l  .1  \.ll.,\\  1,111  till.  III,,,-  ill,  I,  1-  ,,  niii.  t, 
•^"  •  '•  '  l""l'""i..ii  .p|  vvliii,  111  II.  II  I-  1,—  ...iiiir.ii,,!  til., I,  JM  |,,if 
'<"  !''•""  ''"^'-  '"l-'iir-  \Mili  iw,,  ,,ili,i,  -till  tmituT  i,  iii,,x,-,l 
li"iii  \.ll,,u.  .ili|i,,i|.^|i  ,till  Kmt;  ,.n.  ,,ii  ,iili,r  ,|,|,  ,,|  n;  ,,„. 
'■'■"'•'  •""•  I'liK-  lentil,  Wluii  -pill,  i,,^.i|„,  ilii-  ,  ,,nil,iii.,li,,ti 
'""■^^  \vliili-li  Ml  pill,.  .^,,\.  til.  v,||.,u  1-  iiM  I, ,11.^,  I  pi,m|ii,,-,|. 
'  ^^"  '  "l"iii~  -11.  Ii  .1-  ill.  -<■.  will,  li  i;i\,.  ,1  -,  I, -.111, ,11  ,,|  ,,,!,, 11,1, .«, 
'"  \^  111'"'  li^li'  w  li.  II  I  I  nil  I, inc.  1  .,|i  the  1.  1111,1.  .If,-  ,  ,(\ii'i  I  \ii  \- 
'^'<'*  "'""  '<-  lluii'  ,iic  iiinimHr.iM,  -ii,  li  p.m-,  .,  \r\\  n\ 
'•"  '"  '"""^  ''u-  l,.||,.uiii,u;  ..iMiiv;.-  uiih  Mii.-.  hn.^hi  \,||,,u  uuh 
•I  III""-  M.'l.i  Mill.  ■^i.-.ii-\,ll,,u  uiili  \i,,|,i  I'tA  th,-,  l,,r 
^""'-'"  •'  "i'"'  '»■  n«<«— .,i\  I,,  -h,,\v  ,n  ,,,,  h  ,.,-,  .1  I, tile 
'"""   "'  '""•  "'  'li.'  p.iii   ili.iii  ,,t  iIh   .,i1h  r.  .I.p.  ii.linu  "ii  ulu  tli.r 

'"     '"'^    ■"•■    ''lii'illx     l.riL;lil.       Ill    .Apt  i-inuiiiiii^    ,„i    tli.-c 

<.'nipl(iii(rit,.t\    ,.,!,, 11,^  iK.ii,,-  111. it   uluii   iIua    ,,,,.  .,ri,im;,-,|   in 

'"'^   !'i..p"ili. lli.r  than  ill, it  ulii,  h  uixr--  whit,  .  th,  \   pf,„lii.r 

.1  Mii-,iii,,i,  ,,|  -.,HH-  (,,|,,ur  uiii.  h  li,-  l„tu,,ii  th, m  ;,,  ih,- 
>-I'«<lrmii.  iii-i  ,1,  ili,.M-  pair-  .lid  u  hi,  1,  u  .n  1,-^  ui,|,U  -,  p,,- 
r.iltil. 

N.'W  l.ik.  pair-  .,1  ,,,|,,|ir-  I.,.,  \\i.|,|\  -.paral.,]  i,,  l,,-  .,,iii- 
1>I<  im  ii!,ir\  .  l,,r  iii-i,iii,f  rcj  aii.l  Mii.-.  ,,r  ,,raii;;c  ,in,l  m,,1,i, 
.111.1  s.c  that  .,,nihiiiiiiL;  tii.iii  yiv,-  a  Mii-,ni,,,i  ,,|  pn  pi,  .  a 
<..l..iir  wlii.h  .1,,,-  i„,i  ,\i-t  ill  ihc  -p.iiriiiii  ,ii  ,,ll.  It  i-  the 
< oiiipit  tiHiiiarv    (,j|,nir    l.i   i;ritii 

\\r  h.i\,'  -c,  II  th.il  a  .■..I,.iir  -.ii-al  i.  ni.  \,ll,,u  t,.r  iii-t.ni,  ,■,  ,  an  l.c 
•  '""'"'"'  ■'  1'^  \v.i\.-.  .iiliiiK  al..iH-,  ,.t  thf  KiiKth  .it  ih.,-.'  whi.h 
iiiak.  iij.  th,-  \.ll,,u  pari  ,.l  ilif  -pi,  triiiii,  ,,r  |,i  \,\  a  i;r,al  maii\- 
"""'""■"i""-  '"  |M'r-  "I  \\.i\.-  ..I  ..llur  l.nyih-.  ua\,-  ulii.  h 
*■'"'"'-  ■''""•  "II  'Ih-  r.liiia  uixc  .■..I..iir-  ulii.li  h,i\.'  ii,.  \,li,,u  in 
lli'iii  .11  all,     W,    h.i\,.  ,|| 


l-ii  -tin   tli.ii    tuii  JKam-  ,.|  ,|ilttrnit 


■nu!!>-.    .!-    Uii!    .1-     •;•.:,:!•:, ■;;!;:    ;     :    -l:      ;     ,!    .i\,,:,. 


\\.l\  I- 


->    11-.,  I  II  III      \\   j  nil 


"   •"'-  'il""''.  '.in   it   (■.iinliiiu-.!   in   \.ir\inK  i)i-.'p.irii<iii-  i;i\t.  ri-c  t.i 
«|iiiif  .1  liMj-f  iiiiiiil„.r  <il   the  ,,ih.  r  .■..l.un-.     At  i    ihc  ,..l,,ur-,  lu.w- 


<    Ml  I  II    H     \  I^H  I 


1".7 


'"'■'■'"•""  '"^'"  ''^    n-nu.nu   ..„.,,,.„,  „,.,,    ,h.    ul„.|.    ....ip- 
"','"'"  '"'"'"   ""'"'""-  ^'"1  "inM    i,,k.    ,,,   I,..,,    ,1,,...    .,„.,.., I 

":''"''■•   ""'    '■'"     ''"-  II"-"-   .".     n,„K    ,,„nl,n,,,,„.n,   ,„    ,Ih.,- 

Experiment  62,  Effect  of  Simultaneous  Action  on  the 
Retina  of  Three  Primary  Colours.  I',,-  ,,m,,  ,|,.  ,,.>  ,„„  , 
'"'  •'  "'"•  •""!  ■'  ^"■l-i  'i'-l^  K..|.  "u  ,,l,M,n,  Ha  , „,,,... r- 
""";"''■•"''  """'  ^'■"  ''•'-  O.I  .1  ..  .,-|.„;,|.  -  1,J„.  I,,  ...,i, 
"'  ''"■  '"l"i'r^  ..t  III,    ,,„,  ,,iMii  ,ii„|    ,     ,,  ,,|ii|,l. 

^~   '""    ''■'^'     ^'"'^   ''ll    'I"     ^",.,,1-  .,,|,,nr   M„-,.i,.,n^   u  In,  I,    s^ 
',"    '■'I'''''''-  "'   r.Mivin^  ..,„   |„.  ,,p,.|n,,.|   l„    .,„„|„Mr.|   ,„,„„,  ,.„ 
"'"•'";■'"'   ''"•'■'    -",,,.1.    M,„„,|,        |,,,.,„    ,1,..  iiM, ,..,■, I, „.,,„, K 
""    '^'"'''-  '•'"-•■  '■'    '!"■  '-l-n~.    .,!    ,1,,.  Mil,,.,    ,,,  1„|,,   ,.,„   I,,  ,, 
l'rr~M..|  ...  ,,  liin.n..,,  ..I   ilnrr  ii„|,,M-,Hl.n,   x,„,,,l,l,  , 


'■"•    '^        I"  'll'i-n.ii.   I,.,.  \,,unc  il,..,„v 


'I  '  "I'.iir  V  i-{,,v. 


N...N..II,,MH,,M.   1.,,..,^,,:   (■„,,,„.  \,.„,s       An.   ,l,.„,.   u  In,  I,  .  ,„  ,.,• 

:"'"•■''•"'■  ""'  'l-nl,-,|  Th..  ...rlMM  ,„  ,1,..  „„.,|.,„  ,„..„r,...  .u„I„m.. 
-.  I'-.u.n  ,,.•„,.,  ur.„  ,1..,1  ,„  ,.„,., ,„„„,.,l  «„rk.  «...  ,..,  ,„,,..„,,,  ,., 
-n.  ,„„1   l.u.r  ..|.,1, :,,.,. ..!    l,v    l|,.|,„l,..|„       .\,,„r,|,n,   „., I,,., l,..,..,,r,.  ,!,„... 

•-">■"'   -"-n|".M.n,.,„,|„.r,.,„,...ul,..,l„.r„„,.„„„„.,lu,n,~.,„    ,  1,.., .,,,,.. 

■""■;•  VI"'  "■"'"'      '■••"'"""—",, ,1  ,„,„.„,..,  Hh. Is  „.,..,, 

-.  ..V  hKtU  w.,s..,  „,  ,  ,|„„..  I„n„.-,i  ,Mrt  „,  ,|„.  -,„•,, ru,„,  ,u>,l  .Ih.m-  ^...^,■s 
■  "  '"""-"I''  "".■  „l  ,1„.  M,1,M,.M,  .-.  ,„„.,  h,,,.  ,,.,,  I,,,,..  .,,..,  ,  „„  ,,„„.,  ,„  „„• 
■'  '«,.  i„r  ,1,,.  ,.,U,,  ,|l„.,r,u,.,„.  n-,1,  ,,■...•„  ..,„!  s,„l..,.  w-n-  ,.  l,-,  „..| 
•!ic      |,rini.ir\    ,,,l,,iirs-      (  »„,.   ,-,,„i!,,„i,.n!    I,   .,,,,.,,,..,.,!    ,,.,   i_.   ,^.  .,:,;.    , 

•N«-.  tr,„„       I  h..  ^n-,.,,  .„„,|H.n..,„  ,>  ..,T.-.  t.-.l  ,„„m  |,y  Kn-.n.  ,„  .,  !..,  .x,,..,, 
^ '  1I..W  ..r  l,h„.,  ..n.i  l,„k-  U   ,lK.  ..,l,n,r.  ,.t  cithcT  ...ul.      Th,-  .hir.i  .  o,„,,.„„.nt 


\->H 


r.v  ri   Hl\ll  \  I  \l.    l'll\  ~li  M  I  >(,\ 


.1-    will    ,l~   M  -piiIlilllU    I"   \  1'  ill  I  ,    i-   ~i  ll-IU\  r    In    Mill',    luil    lut  Ir    In    till-   iilhiT    \V,l\  f 

liMi^ili-  I  1^  -(^  It  liv  mil-  '4  ilir-i-  (Min|Miinni-  1-  -I  ;iiiul,iii  i|  iiiui  li  mnrr 
t  li.in  I  In  .  1  111  I  ■-  I  lie  1 1  -lit  1-  ,1  -1  n-al  ii.ii  lilt  111  1  I  mi.ir  \  .  '  .1.  mr  i  •  iin-|>i  ■luliiu  tn  it . 
Si  II  ~,  1 :  11  n- 1  I  1  '  li  .1  r-  u  liii  li  In  iniii  nil  I'i  iir  I"  1  111  i>niii,n  \  .  nlom  -  in  i  In  -|.i  i  I  rum 
,111-  ~ini|'l\  I  111    II  -nil   III  ir--  i;ni  iphil  -t  iimil,,!  ii'ii  .1   I  um.!  tin    pi  iiii,ii\  -iil.-i  .iiuf- ; 

t  li.il  1  \|il.iin-  w  li\  \ m  uii  -i:i  li  ,1  -1  n-.iMnn  I  II  hi!  li\   'i-Mi^;  a  u.i\r  li  ii;;ili    -iich 

,1-  Mm  wliuli  .illiii-  t  \\i  I  1  muiii  III  iu~  \  inli  l  .iiiil  ^nin  .  mii-  innri'  th.iii  tin 
(iihii.or  li\  -I  inuil.il  in;;  ill  irtmiwili  u  ,i\  i -•  i  !  I  wo  ul  In  r  i  i  li  nir-  \  inlil  .iinl 
^111  n  lull  iinii|ii.il  inlin-ii  11 -.  i  in  nl  wliiili  -l  iniiil.ili  -  niamU  unr,  .mil  nin- 
ni.iiiilx  tin-  ill  In  r.  Ill  the  ^.iiui'  I  iini|ri.iii  HI-  ll  ,iii\  I  «■■  i  I'liij  i  m  nl-  ,iri  -t  ininl.ilril 
(■(|ii.iiK  .1  -1  n-.il  ■I'll  lit'  wliiii  livlii  n -iill-:  I  iiini'li  n:i  ni.irv  '  i  li  uii  -  .in-  ihrriton' 
nun  K  lln-r  ulm  li  li.ivr  .in  i  i|ii,il  i  Iti  i  I  in  I  \m  i  i -I  iln  i  ■  ni!  i  iin  nl -.  W  In  llnr 
or  mil  a  I  nil  III  r  1-  innii-  nr  li  --  -aim  ,il  i  il  i'i|  i  mi-  i  n  u  In  i  In  r  i  la  !■  in  pi  m  nl-  uthcr 
than  tin-  mn    inainK   iiunh  i  il  an   1 1  -]  i  inl'i;^  iiii  i  h  tn  i  In   h;,lii  i  r  iml . 

Experiment  63.  After  Images.  I  ■  ik  iixdlK  im-  .1  t\\v  mcuikU 
.(1  .1  lirit^lit  (ihiKt  ilir  til.muut  111  .111  cltctric  liclit  will  dm  .iiul 
tluii  iriii-lti"  \(iur  i;.i/i'  tn  ,1  lil.nk  Imi  kiLirumul.  The  bright 
iiii.i^f  (li'i>  iiiil  (li-,ii|n,ir  ,ii  iiiiri  Imt  diily  t.nKs  ]L;r.iilu.ill\ 
.i\\,i\.  riii>  i^  .1  r<i->iii\i.  Ai  1 1  i<-l\l  \i.i  .  Kii)f.it,  .il'ltT  tlir 
iiiKiiif  lia^  (|iiiU'  t.idtil,  Imt  tin-  tiini-  m<i\c  \(iur  iAt>  tn  .1  hrilli- 
■  iiitK    lii^htttl   whitr  Ilk  kicroiiiul.       Tlurc  i-  .1  pir-i-tfiit    iniaiL;r 

ill    tlli-   Cl-c   .iImi,   (it    tllr   -,III1C   -IliJU-   .1-    tin-  iiiiri  t,    lillt    W  lu  Tc  M> 

till'  (ilijcct    w.i-  .1  lii"ii:lil   niu'   llif  iiiKii;c  limk-  (I, irk.       Tlii-  i<  .1 
M  (.\  I  l\  I.   .MI  i:k-im.\i.i  . 

l.ddk  -ti-.idiK"  .It  .1  liny  >iiit  in  the  ttiitn-  ot  .1  miii.iic  ot 
lniiLilit  i»  (I  ]i,iinT.  will  li'^liii  d.  .\lt(  r  ,1  ti  u  iiiiiiutt  >  .-liitt  the  i^.i/r 
tn  .1  wllili'  li.H'k.uiiUlIld.  \(ill  -(  (■  tile  -(111, lie  -till,  liut  till^rd 
with  nil  tiii>li-liluf.  the  (iilniir  i  iiiii]iKimiit,iry  tu  red.  Krpr.it. 
.iltrr  w.iitinu  until  the  .ittir-iiii,iv;c  h.i>  t.idcd,  with  .1  yellow 
-i|ii.irc.  tlifii  tr\  with  ,1  lirciii  mif.  Ihc  iUA;.(tiv(.'  att('r-iin.i;c;i- 
.m  (cliiiiicd  with  the  >li,t(K>  ( inipK  iiu  iit.ii  \  to  tlm-f  nt  the 
dliit  1 1-. 

rill-  (Apl.ni.itinii  (il  the  |)i'-iii\f  .tttir-iin.iiLic  nl  .1  while  olijeci 
p!(i|i.ili|\  lit-  III  the  1,1(1,  whi(ll  Wt  ll.l\e  .llre.l(l\  llnticed  ill  .ilKithel 
1 1  iiiiii  (  liiiii,  til, It  tin  icKlKHi  III  the  II  tin.i  diK-  iidt  (H'.i-e  iinme 
di,itil\  the  -tillUllll-  i-  lillld\ed.  llu'  pd-iti\i-  illl,tice  i-  llUTeK  tlli 
,ilter-di-i  h,irv;e  nl  the  li^ht --en-it  i  \  e  cell-  in  the  retin.i.  The  plu'li" 
nieiidii  dl  the  iiev;,iti\  t- .ittiT-ini.ii:e  is  cdinp.ir.ilile  to  the  "nlKHiiid 
wiiiiii  di(iii-  ,iiivi'  ,1  i\iu  \,  .0  Sill  1  niii^ti Ml  -imuiii.  Winn  ,1  nikx 
.ire  ii.is  1  ei'ii   tor  -dine  time  undir  the   intliunee  ol   oiu'  retlex.  it- 


.-5S' 


(  'cl.dl   H    \  I^KlN. 


i:.i» 


'I  -iiiin~i\i  !ir~~  to  ,1  -linuilii-  uliii  h  tiinl~  in  Ihjiil;  .ilmut  tin  opixi- 
-i!f  ntU\  lit(()nu--  iiicrci-cd.  I',iti-in-  lolinwinu  ,i  n.icliipii  i>\  nm- 
kiml  m.ik(>  llu-  \\a\   r.i^irr  tor  the  opiKwin^  ri.iriinn. 

In  MKiri-  .Ict.iiiccl  luriii,  .1.  i  ordiii^  \n  \\\,-  \\<\\\\-  tl!i,.r\.  lii,-  i,  ,i-Mri  \\!iv  i  lu' 
•It  r-ini.ii;!'  ut  a  kiImhk  i|  mI.J,  ,  t  i~  i  in^i  i|  \,\l\\\  i  he  i  umi'h  im  iit.ir\  i  mIhiii  i-  .i~ 
!!(.«■..     Duriii;;  llu-   liiiii-  thai    tin     ^.,/f   ua~   ti\..|  uii   the-  iil.|i,i    all   ihr.-.    tom- 

■  '111  tit--  ill  1  he  I  I  IN  cil  till-  n  I  ilia  nil  whii  h  I  lie  in  ml;''  I'l  11  were  l-iiiii;  ~l  Mil  u  laic!  '.ul 

■  '■  I  "iii|"|||'  III  IT  ,  i.nijHiii,  111-  w'lii  li  arr  iiidvi  V,  i|,|ti\|.  I,,  ill,.  ,  ,,|,,||,  ,,j  1 1,,.  ,,1  .,.rt. 
Mil-  liiiii,;  -liiiailalc'l  im-i .  W  lirii  ili.'  (,1  |,  rl  i-  ui'  li.li  lu  ii  aih,  'lit  |  Li'  r  oii 
a!iii1i    llic    iiiia>;i     tail-    i-    uialMiniK     -liiinilati'l    l.\     wliilr    li^lit    all    llinr    loiii- 

wM.nt-  i.-[,i,ii,!.  Till  ,,111-  uli;.  li  ua-  iiiailiK  alli.lr.l  l.\  llu-  form,  i  li-lii  is 
iti^iiiil    hiiuvM-r  ami   ic~].(,n,i-    !r-~   than   I  lir   nllicr-.       I'lii-  inalili-   ihr  ...Inur 

■n!|rl(   nun;    II  \     in    ll    In  (  i.Illr    Mltn    I    mil  II  Mr  11,  I- . 

I'm;  II  \l.  (  ni  ni  k  HllM>si--,  I  In-  al.imi  111  ll  .  nnilitinii  nl  \i-inn  i-int.r- 
-I  uii;  in  I  111  lii-,  ti--inii  n|  1  he  I  Ik  one-  nl  c  niniir  \  i-inii  a-  1 1  a  tin, ,  I-  a  i  nni;>ar:-nn 
4!ili  llu-  iinrnial.  I  hi'  liiliii,  lairK  i  nninii  n  air.in^  nun,  I'--  -n  in  wnimii, 
-  I  hs-inl.i^i.  all\  ipi'lr  clirfiicni  1 1  Hill  lni,  I  ,  nl.iur  l.llmlni  — ,  «iili  uIik  li  it  niii-t 
■'I  !'<■  iniilii-cil.  I'.iipli  uii.i  ,irc  parlLilK  .  ,  Iniir  Miii.l  .li-t  Mn^m-h  ililt,  hiki-s 
!•  lii;lil  \\a\  1  -  nl  ihili  II  111  ll  n,;!  h-.  n,,  mat  li  r  u  lii  llur  i  li'ii  inn  n-ii  ir-  ,irr  i-i|u.il 
;    mil.   |iiil    llu'\    -11    ll  AMT  ililliii  111  I  -  than   iinrin.il   |K'n|.|i-,       ji   i  h,  \    ,,i,.   -Imv^  n 

.,lil  nl  ililhn  tit  mlniir-    I  lie  I.. -I  ti  i;-lit  ,  nmili^  I  mm  laiia  rn-  wiili  uiml.iws 

■I  I  nlnnrcil  yla--  I  In  \  -t  In  I  a-  li<  iiu  '>'■  -iiiiil.ir  -liailr-  I  In-  \i  llnw-  ami  i  lit-  lilin-s 
.11' I  llu-  \  inli  I-  «liu  ii  lunk  mm  ll  .iliki-  In  tin'  iimi         i  \  i  ,  l,i|i   in  ,  hnn-iii^  -li.nli-, 

luil.ir  In  ,t  v;i<<  11  lliiA  .il-ii  i.ikf,  .i>  will  ,1-  nilnr  ^^ni  ii  lii;lii  ,  ililt,  iciu  >li,.i|i--  ,)f 
'  ■!.  ami  in  m.iii  liiiiv;  .i  ml  -t.iniLiril  llics   pii  k  niil  ,i-  lia\  iii'>;    i  i  nlmir  -innl.ir  In  it 

•  '  nii!\  ntlnr  ml-  lull  al-n  ^mn  ,i-  u  i  11,      Tli,    ,  niiliiinn  nl  i  lini  li^lii  -  n  ,    .|,ii\(' 

'  1  I  la  ni -1 11  -t  Till-  In  1,1  lint  -n  mm  li  ililTrn  iit  1mm,  a-  -iiiU'li  r  tli.ui,  i  In  iini  m  il; 
i^liU    -|iiakin^,   |,tnial!\    i  nlnnr  1  iliii' 1   \  i-imi    i-  a   mlmimii   Inrm  nl   nr,linii\- 

^lll  .        \\  111  ll-.l-   .ill    t  111-    \  .11"  mil-    -ll.l'll-    ssllli  h    nl|.-    -,  i  -    will'    IMI  111.1 1    1  nlnlll     \  l-inll 

;  nni   ll.    I'll,.  I  III  1,1  u  I'll  1  mill  in,  1 1  inn-  nl  li---  tli.iii  ilni  i    -i\,  n  ,  n|',ur-.  I  «.  i  miK  . 

lilM  i|    in   1  I  ill  111  III    pinpnl  linll-.    Will    in.il,   ll   .ill    tin-  i  nl.ilir-    -i   :  11   !i\    .1   -llliji-rl      Ua,) 

I  HI  i.ill\-  nil  nil   I'liml. 
1  lu n-  .HI-  i«'i  i\  |ir-  nt  ti'i-  .|i-li-i  t .       In  llu-  tir-i.  m-i-l  i  mini  'ii.  Inrm  tin-  i-\c 

-•  l.iii\fK  iii-i-n-!ii.i-  In  ml  lij^ht .  In  m.itili  ,in  nli\i-  ';rri-n.  |n-n|,li-  uiili  this 
■  nl  llu-  ill  I,  r  I  I  linn-i-  .1  -I  .irli-l  whii  h  In  ill,-  m,  |iii,ir\  r\  r  .i|i|ii-.ir-  nini  li  l.ri;;llli-r 
!  llu    \  i-ilili-  -]  nil  rum  i-  -limii  r  Inr  iluni  ,it   llu-  n    1  i--i  I  iImii  it    i-  Inr  nilu-r 

'I'll-.        Slllljli  t-   whn-l     \  i-lnll    ll    Inn^-   In   till-   -,-i     ,11   1    |\  |  ,i  -    !ii,i|i  |i   .i    ^'ri  ill    Willi   ,1 

i  uliii  ll  1-  .iliimt  I'liualK-  l)ri;;lii  .iiul  tin-  n-l  i  ii  I  nl  ilu-  -|,..,  triim  .iiipi-.u-  In  li,i\i; 
'   11-11, ll  ll  ni;lli. 

I  he  i-.\lil.iil.itinii   nl    tlu--r   i,ut-,   .ii  i  nriliiii;    In   I  hi-   thi-niv    nl    llu-   thni-    \  i-ii,ll 

siHiiK-iiI--,  i-  tli.il   in  r\i->  lit   till-  I'lr-I    i>|ii    llu-  ml  i.in>|inii   iii    i,  lilt   nut   .uiij 

'  ,ill  \\,i\i-  lt-nL;lll^  h,i\c  iiiiK   tin-  nilur  i  wn  i  ,  m[Kiiu-nt-.  in  ,11  t  ii|inii.      In  thi- 

"iiil  t\-!><-  ii  i-  till-  L'lu-n  whit  h  i>  iiii>>iiii:.       Ihi-  vvnnlii    -vr.Ti-^-  i|u-  ,!■  ini!  ron- 

;  lull-  wfll  t-iiiiii^h  if  np.ly  ttu->f  .itiniinii.il  I\'|m-.  wire  .u  r,;r,iU-ly,  .iiul  tint  ini-ri-lv 

:  |'rn\imati-l\ ,  rtilialiim  t\|«-  nl  tin-  nnrm.il.        Mnri    ri-i  i  111    wnrk  liowiM-r  h,is 


Kill 


l\\ri   KIMI.N  l.\l.     I'llV->|()l.lM,^  . 


(■inpii.i-!/!  <l  ilir  l,i(  I  ili.it  this  i^  Mill  till'  I  .i^c-  .imi  ^ij  l.ir  ii  li.i-  iioi  Ik-i-h  |M>s>il>lc 
I"  I  "V  M  .ii|(  i|u.fi(  l\  I  In-  (Dill III  liiii^  (it  I  In-  cjilci  I  \Mili  t  III-,  nr  ImU-fil  with  any 
Ml  lirr ,  I  hi  III  \  . 

lllKlsi.'-  I'm  iikS  111  (ill  III  k  \'[-liis.  I  in-  iiiiU  nihil  thiiiiA  whiih  h.i- 
rl\  .illi  ij  I  h.il  III  N  I  IIIIU  •'-•  •!  -i.ii  I  m.;  |  niiil  Im  i  \pi  i  inn  nl.il  umk  i-  llu-  nnr  Iimiu^Iii 
h'l  "nil  l'\    III  li  PIC  I  hi-  I-  .ll-(i  1 1,1-1  1 1  nil  I  Ik    1,iU  -  nt  .  'ilnlll    IIIIMIU  whii  h  wr  h,i\  r 

.ilii.i'U  iiinhiuil,  Itiii  it  .iltiinl-  .1-  \M  11  -niiii-  |.li\ -iiilii',;ic  .il  1  \|i|.iri.ii  lull  tnr  i  he 
iin|"'i  liiil  I'll  I  ill. It  In  mir  -1  ii-,il  lull-  h,;hl  iii.n  iiiilmiK  In  (|i\  nliil  iiili  i  ilitliii  111 
ii'l'iiii-.  hill  I  h' -r  .u.iili  .ijiiii.ir  111  I. ill  iiilii  luii  ;;ii.il  i  l.i--i-,  I  hr  'wMriii'  iir 
'liM'chi  .  ihiiilnl  iiiliiiii-  .iiiil  tin-  'iiihr  (ir  'iliill'  nin-.  In  tin  'u.iiin'  i  l.i-- 
lii  Iniu  ml-,  1 11.1  II  ■^r-,  .iliil  \  1  lln«-;  t  lir\  .in  'iiilii  nl  tluil  iiwil  ll.it  nir  .1-  II  Wen-, 
i|iiiii-  .i|i,irl  tininthi  lirilh,ini\  uil  h  \s  Im  h  I  ln-\  .in  luh'ril.  Tlic  dull  nnr-  , ire 
v;n  111,  Mill  .iiiil  \  II  ill  I  I  hi  ir  .iir  ni.iii\  i  \,iin|  ilr-  \\  hn  li  -linw  I  li.il  wf  ri-iii^nl/f 
I  hi-  lllhrli  111  I.I  ulll  111  --  111  iliilhn  --  i.f  I  nlniii-  III  t\  I  1  \  il.l\  lllr.  \\'i-  "  -rr  t  llllli;- 
thiiiii.;h  iii-\  -|iirt,i(K-"  m  \m-  "liil  Miii"  I  )ii  nr.ilni  -  u-r  \illiiu  in  ninth 
rill  1111-  With  Mil  -nnlichi ,  Imi  Mm-  m  uri  in  .in-  -.liil  In  In-  imi  '  i  nM  ' ;  i  hililnii  ,irc 
ilii— 111  III  nil  111  \Mnlii  liii.iii-r  it  I-  "-iiili  .1  w.irm  inlniii".  I  hi  -iii;v;i-l  Inn 
whiili  llrniiv;  111. lllr  u.i-  ihi-.  iluri-  .in-  llin-i-  -iih-t  ,iiii  i-  In  tin-  iiiin.i  i-.n  h  nl" 
whiih  iii.iN  111  ill. infill  li\  lii;hi  -iiiniili  In  i  \m  i  w,i\-,  Im-Iiij;  i-iilu-i  |,ulll  up  nr 
I'lnkrn  iliiun  (  ini-  n|  till  111  1-  till-  whili-lil.ii  k  ^iili-t,iiu  c ;  lulit  w.ixr-  nl  iimrf 
ih.iii  .1  1111. nil  mil  ii-li\  Im-.ik  ihi-  ilnuii,  iin  iii.itti-r  wli.il  tlu-lr  liiuili,  .mil  yl\i' 
.1-  .1  n  -nil  I  III  -1  n-.il  Inn  nt  wliiti-  lulu  .  1  ),irkiii---  r.ui-i-  it  tn  In-  imlll  up  .iii'l  ,i 
-111-. It  lull  nl  111, h  km--  ,lll-i-  Irnill  till-.  (II  till-  nthi-r  twn  I  niiipnm-nt-,  iiiu-  I- 
,11  till  nil  mil  \  li\  n  il  lulu ,  whii  h  t.n-.ik>  It  iluw  n  nr  k-iLilmll-i-  It.  nr  li\  i;ii-iii,  tin- 
I  niiipli  iiH  iil,ir\  In  n  il,  wliii  h  I  111  I  111-  It  lip.  K.it.ilinh-ni  nl  I  In-  i  hiril  -iili-t.inn- 
1-  1  ,111-1  i!  Ii\    \rlln\\  Hull!  ,  .lll.llinli-ni  li\    Mur,  It-  ii  Illlpli-IIHIH  .ir\  .       .Ml  nthi-r  rnliilir 

-rii-.il  Inn-  ,in-  iiiKt  iin--  nl  till-  -in-,itlnii-  ,iri-liu  Irmii  the  ,in.ilinll-iii  nr  k.il,iliii|l-in 
III  till  tlin-i  -iili-t,iiirt->.  All  inlnnr:-  wlili  h  brcik  ilnwn  tin-  innipnin-iu-  .in- 
-Inill.ir  In  vvlilti-,  whiih  ,il-n  dm--  ihi-;  tli.H  I-  win  tlu-\-  .in-  -pn  itir.ilK  lirii;ht. 
(  nil  nil  -  wlinli  1  111  lid  up  .in-  llki-  ikirknr--  ,ind  lu-nn-  In  ihrni-i  hi-  .in-  dull.  <  nili- 
pltllK-tlt.it  A  inlnin-  v;l\<-  wlilti-  li.;lil  I  it-i-,in-i-,  -Ilii  r  tlii-\-  .lit  i-i|ii,ilK-  nil  .1  >lnnli' 
Mili-I.inn-,  llu-  k.il.llinhr  i-lli  it  nl"  mu-  r.iiu  rl-  llii-  ,iil.iliiilir  i-tTfit  iif  tin-  other  .mil 
tin-  iiiiK  ii-.HlInn  lilt  iiM-i"  I-  tin-  k.it,ilMill-ni  wliiih  tlir\-  Uith  lirliu  .ilmut  in  tln- 
w  liiti-  111. 11  k  -111  i-l,iiii  1-, 

.XiiiildllU  tn  till-  thi-ii|\  ill,-  rci-nll  ulu  till-  .iltir  lllKui-  nf,  tnr  lii-l,iiu-i-,  ,1 
v;n-i  n  iilijri  I  i-  rnlnnnd  nd  i-  I  h.il  tlit  .ntinn  nl  llu-  v;n-i-n  lii;ht  li.ivln^;  Imlll  u|)  .i 
Kii-il  il'.il  111  'hi-  rid-un-i-n  -nli-t.ini  i-.  tin-  ml  \\,im-  iiiiit,iini-d  in  the  whlti-  lu'ht 
Irniii  till  l.iulit  III  Id  wliiih  Inllnw-  li.iM- iiinn-  -iili-t.inn-  tn.iit  until. in  tin-  ntlii-r 
«.l\r-  1  111-  .lltl-r  llll.u»-  nl  .1  \tlln\V  nliji  i  t  I-  lijuc  |i,-i  .m-c  till-  \(-|li)W  w.i\  i->  liavi- 
lirnki  II  ilnwn  tin-  \rllnw  lilui  -uli-l.uu  i-  tn  .i  uri-.it  cxli-nt  .md  tin-  .iii.iIioIh  n-.tction 
til  tin-  Mm-  w.i\i-^  in  ihr  Mini-i-dliu  ludit  i>  inori-  Inii-nsi-.  ti-ndini;  In  ri->lnri-  thi- 
ri|ulliliimni,  lli.in  it  wniild  lit-  it  tlu-  t-i|iillllirlum  h.nl  l>i-t-n  unili>t  iirlH-d. 

Till-  tlu-nr\  K'liii^  Minn-  Mippnrl  Iruiii  otiu  r  ()l>MT\.itinns  nn  \  W\ni\.      Hl.nknos 

^.., I 1..  I... ; —    1....    :.:...    .u:,.  .         i .-   .  i.        _  i: ,-  - 

-  ' ■   ^-i-  !■  •  ,   -  •-:■    ,;    i-—:;  M  I-  t  !::lij;.        ! ;;   ;  iir  •  r:  t::;;.i:  •.    :i->iil!j; 

^l.lt^-  III  tin-  ri-t  In.i  \vi-  du  nnt  m-c  lil.irkm->-;  luir  \  Imi.iI  tii-ld  !■.  lovt-ri-d  with  v.i^;iic 
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::^lu -w.iNi--  .iiiil  !■-  ron^liU-  ~|KMkini;  nri\-,  icrt.iiiils  imt  |iiirc  hl.n  k.  a-  il  oii^lit  to 
'■■■  .i-  l.ir  .i-~  ihr  ^'llllIll;  I  lit  my  K"''>-  .\(  i  uriliiis'  t"  I  lif  I  li  riiu  1 1"  i  ■!  \  ili.  l■(l\llli- 
!'I  nun  nl  I  lie  \vliitclil.i(  k  --nli-l.mi  (■  i>  llir  rv-iiiii;  -l.itr,  .I'-.-ix  i.ilcl  wil  li  ^n  \  >cii- 
-  ii  ion.  and  tin-  M.k  k  >iii^,ilii)n  ImIuml;-  tn  ,u  ti\i-  k,il-ilMili>.ni. 

\\  lien  it  come-  to  an  cxiilanat  ion  of  [Mriial  n. loin  -Mi  nil  tic--  llii-  lliioi  \  l.naks 
'!o\Mi.  AliM-m  (■  ot  till'  rcil-i^rii  II  (  oin|«iiu  in  won  1. 1  Im-  the  ino~i  oli\  ion-  ^■\|-iana- 
•  ion  to  ailvani  c  l)iit  this  riot-;,  not  ImM  in  \  uw  ol  tin-  two  dilfiriin  \y\»-^  of  ilu- 
>!if(('t.  I  hcri'  arc  al>n  difTicilltii-s  ari.-in^  Ironi  more  ili-l.iiliil  f\|><riiniiit  ■-  oti 
illi  r-iniaui  s  wiiicii  -laiid  in  llir  \va\-  of  ai.(|piiii^  ilii-  iliioi\  a^  a  ioin|plitr 
.  \|irf^~ion  of  ilir  la'  !>  ol  colour  \  i-ion.  Indiid  no  thfor\  ha-  a-  \  i  I  |iio\  idid 
■lial.al.irt  ilea  lo  in-  wondircii  at  in  view  of  t  In  r\l  n  mc  >  oinpli-\it\  of  i  In-  n  at - 
;  loll-,  in\  ol'  i-d. 


U— 


CIIAPIIiR     XXII. 
SIMULTANEOUS  CONTRAST.     VISUAL  JUDGMENTS. 

Ill  llic  t(pni;iiini;  (|i-.(ii-~iuii  it  1m,  |„<ii  i.k  hK  ,i--,uint(l  lli.it  the 
(uiK  li^ht  whiili  h.i-  .iii\tliini;  in  tin  with  ilir  \i-ii,il  -(■ii-,iti<m> 
wliii  h  .iri-f  Irciin  -tiiniil.iti.in  <i|  .m\  i),iiti(  ul.ir  p.irt  nt  the  tiiiii.i  i> 
t!u-  hulit  whii  h  .K  iiiilK  tali-  mm  ih.it  [,.,rl  A-  ,i  iii.iiiir  >A  I.k  t  llii> 
i-  iii>t  -li.  stnnii;  -I  iiiiiil.it  mii  nj  ,,,h-  .ik  m,  .i^  \\r\\  a-  ciuvinj;  tin- 
.iplitoiJiMtt  -1  ii>,iii(iii  tiun-.  ,i1mi  ti:i(i-  ic  pruiliK  ,■  -(■ii>.iiiuii>  i>\  tlir 
iippi'-itf  n.iliiic  ill  iIh    p. lit-'  iif,irli\.  ^ 

Experiment  64.      I.ikc  twn  jilcit-iii  tin-  -.mic  p.ipii.  m  inr.il  v;rf\- 

II!   ("liiiii-.  .111(1   j,i\    (,nc  (.11   ,1   while.  .111(1  (,iic  ((II  ,1   1(1, i(k   li.ick- 


i.;i<iiiiii|  I  hi-  hr-t  ii)i)f,ir>-  (j.irkcr  .uid  the  -(•((. nd  lii^hitr  tli.iii 
iK-torc  l.(c.iii>c  (,|  till-  ((.ntr.i-t  with  tin-  siirroiiiKliii^  ticld.  TIh- 
ittti  I  ni.i\-  l(f  iiurr.iMd  l.\  \tiliiiL;  the  wliolf  witli  ;i  wliitt-  ti-Mic 
p.ipiT. 
Experiment  65.  .\ir.mi;c  .i  uhiic  i).i(ki;r(>iiii(l  witii  a  Ik.i  i/diital 
row  <>l  (mikIIo  in  front  ot'  it  .iiul  llirn-t  a  miih-ii  in  troin  one 
^i<lf.  iiarl  \\.i\  lntwtiii  the  two  I'ii;.  J<.)i.  (  )iu-  l.iri;f  .in-a 
ol  the  ii.K  kiLiroiiiid  'CH  !  nctivfs  noiu'  of  ilir  c.indlcliulit  and  one 
i.Air  ri(ii\c~  lii^ht  fnini  all  ihr  landK-,  Bilwiiri  iIum  tluTO 
are  a  iiiiinlur  of  Nirtical  strips,  on  tin-  first  of  wliidi  IC  i  tlu- 
Ii.i;ln  Indii  oiiU   one  c.nidK'  f.ills,  on  the  mcoikI   tlu'  liuht   from 

Hi-' 


-ms^.Q^^m^^. 


m     -4.-B^s^^r^v      ^.^""'^^m 


mm 


\'i-r  \i     li  iH,Mi  \  I  -. 


Hi:; 


tw  II     IJ-    .  ,iml  -(I  (II.      (  h\v  w  mill  I  t  ajmi  i  «  ,ic  li  ..|   tlu-t    -li  iji-  to 

s((ni  (it   f\(ii   I  iiiulii  nc---   thri  iii^lii  iiii ;   .irtii.ilU    liii\u\(r,  .1-   the 

ti-iirc   -iidW-.  CK  h   dill-  .iji|KMr-  licliltr  .it    lli<-   iii.ii^^in    ulmli    i- 

IK  At     till'    d.tiktr    .irt.i    .iiid    (l.irkir    ,ii     llu     dllui     «(lc>  •    \\ln(li 

lidrdir-  di)   the  iiKHf  lirii;htl\    lii;!itt(l   -iii|i. 

Experiment  66.     I,.i\  ilic  |)it( c  dt  un  \  p.iiu  r  dn  .1  Ilk  kciduinl  di 

iiiit;iil    nil.      (  ii\ir   iluni   lii.th   with   wliiti    ti--~in    |i.ii«  i         I  lie 

urt\    ,nf,(  Iddk-  tiiimd  uitli  ;^ritii-liliic,   llit-  i  dlnui   ( (iiii|i!i  im  ii- 

taiA     !d      'i.il     dt'    tin-    li.i('ki:r(imi(l.       <   li,iiii;f     tlic    1  lk  ki;rdiMii  I 

-iacimI        iu'-.    ii>ini;    v.rinti'-   lirilli.mt    cdldiii-.   .iiid    iidic   wli.ii 

iiitliitiK  f  cicli  li.i-  (111   llir  .ipp.irciit  idldiirdt   tin-   iiriitr.il  i;n  \  . 

riu-  iilHiKiintiidii  dt  -iiiuilt.iin-dii^  (iiiitr.i^I   i~  -( ni  in  idiiiilli— ■ 

u,i\-  ill  (irdinarv  liti'.     sli,idd\\>  dii  ^.ind  in  tin   -iinliv;Ii'  ludk  liiii;lil 

liluf   luciiix-  111    ilitir   \clld\\    li.i(k-:v;rdiin(l.      So,    tud.    jiI.K'-    in    .( 

iirii;lill\    liiihifd    iddin   uliiili   ,iif   -li.idrd    Irmn    tlic  .niitu  i.il    Ir^lit 

i'lii   t.iiiilly  illiimiiud  li\    d,i\liiL;hl   .ijipcir  td  lie  lihic   tlidnv;li  ,1-  ,1 

iii.itiir  dt  f.ict   I'i.v  liiiht    f.illini;  mi   tin  111   i:-  ("Imiilo-.  miK    ini  .iii-c 

"t    the  \(lld\\    in    tlir  lii;lil   dii    the  >uri( nindiiiu  .in.i-  dl    ilif   tu  Id 

rile    printi|i.il.    (■dn>('idU>l\    dr    iiiHdiix  imi>l\ ,    i-~    ii-cd    in    .iit,    111 

pi  -l(r>  ,111(1  on  till'  >t.ij^i-,  td  makf  tlu'  tttci  t  dt   \i\iil  (dlmir  iiimf 

\i\id  or  to  nio(lit\'  tlu'  sh.idc  ot   laiiitrr  diu>.      It   i-  not   (  Ump  liow 

I  lit-  |)luiidnu'ndii  is  lirdiivilit  alimit .     It  ddt--  not  li.iiijirii  in  tlii'  itiin.i, 

tm-    ~inuilt.iiifdu>    cdiitiMst    li.i:-    bcni    '-liou  n    tor    tlu-    Mind    -pot, 

when'  tlu-rt'  i>  no  it'tina  at  all.     'llif  iiidditHMtidii  iiiii>l    takt'  plac*' 

-I  iiu'w  luTf  oil  that  part  ot  the  lira  in  u  hit  li  i-  ( imi  I'liu'd  with  -ii^lit. 

ill    llii>   ( (iiiiU'ctidii    it    i-    intcri>lini;    td    niiH'iiihci     that    lluir    .wi- 

1  a  111' r  in>tan(  !■>  dt    tlu'  ac  ti\  it\    dt   dii'-  -en -dry  arra   nitluciu  inv:  thf 

-«ii>iti\it\     dl    aiidtliir.      Slurrini;tdii    -houcd    the    -tiimilatidii    dl 

■  iif  i»art  dt  a  ricfpt i\a'  tuld   lowircd   tin-   thn-hold  ot  tin-  n-pdii-t- 
id  ,1  -net  (.'rdinti  >liimilatidii  of  aiiotln  r  part  ot  tin-  field,  lor  tin-  -.tim- 

■  r  lor  <m  .illit-d   nth-x     Imim-diatc   IndinliotP. 

Judgment  of  Space  and  Depth,  l.xtrrnal  dlijti  t>,  no  niatti  r 
what  tin-ir  shape,  can  onl\  Idrin  Mat  ini.iue-,  ini.ivits  ot  twodimen- 
-idii-,  (111  the  ri-tin.i.  in  sjjite  dl  this  ut-  -ee  the  diiji-t  ts  111  tlin-t- 
luiien-ions.  as  ha\iiii;  diptli  a-  wtll  .1-  width  and  iniv;ht.  and  it  i- 
1  iiiteri^t  to  ,in.il\.se  soiiu-  ol  the  t.n  lor-  u  hit  h  i  (iiilriiiule  to  this 
MiiJiinniit  .1-  well  .is  thost-  wliiili  ha\t  to  do  with  aiiotlar  (l(is*-ly 
allied  to  it,  till'  jiid^nnnt  ot  distaiiie.  It  i,s  not  praitii  aide  to  ijo 
111  tin-  el.iss  room  niaiu  ot  tin-  e\pt-riineiit-  mi  the  la(  tors  1  (unirin-d 


^^py^i^gr- 


K.I 


I.M'I   KIMI   \  I  \|      I'lIN  -Inl  M.,^ 


in    MMi.il^   MMlumcMi,    |„,,,u.'-    th.A     ,,n-    -.,    l,,i-^iK    MiLjcdiw    in 
n.niiiv.     TIh-  -.111,1,111  i.  lAiHcicI  I,,  ni.,k(   ( .1 .-,  i  \  ,,ti..ii.  lu.  liiii,-,lt 

■''"■'-     '!"■    !'ll'^    iM.lH.ll.,1     1„|mU.        Mr    .liollM    ,,1-,,    IIM-    111,-    \,, Mulls 

'  ''■'""  "'"'  ''  ''■'^'    I"  'II  pn  ii.md  I,,  ,,..iv|  i,i  ihl.  ,,,|,-i  ,,|  ill,.  \\,,,1< 
Experiment  67.     -v,.iiu-  ,,i  ,,ur  .h.nr.Mv  ,|,|„ii,U  ,,ii  ih,-  ,,-,■  ui 

l"'lli  IMS  1..:;,  Ill,  r.  I'lA  I,,  i,,„rh  uiili  ih,  np  ,,|  ,,,,ii|-  juiuil  , 
'''■"■^  ''"'  '"  ''>'  I'lidHI,-  ,.|  ,1  .|i,,t  nt  uiiilr  i,,,,„r  uhi,  h  v,,| 
'■"''I  "I'li'lH.U-  ill  In, 111  ,,t  \,,ii.  \,,u  .l,,„-  ,,ii,-  ,\,-  .111,1  M, 
ulu  ill,  r  ,,r  ii,,|  \,,ii  ,  .111  lull,, nil  lln    iii,,\ ,  m,  m  ,,.  u  ,  ||  .,.  |„tur,'. 

Mm\,h   I    I   \K     1.1  I  mini-    |\     I  I   |„,MI   \|     ,.|      i)|.l  w.    1   .  (  )„,•,, t" 

111.-:  i-  111'-  Ii\/IM--  ,,r  .l.aru,-^  ,,l  ili,-  ,,ir  l„iv,.'.ii  tli,  ,,|,i,,t 
■""'  ''"■  "1-''\«|-.  <  )l'!r,|,  .,1  ,,  ,|i>i,,ii, ..  ,,,,■  h.i/ur.  ,,||  ,,i||,  ,  iliin^s 
'"'"-  ''Mi.il.  iImii  tli,,M-  m-,,r  \,v.  ^,,  ,||.,,  „,•  iimmjK  ini.i  ,„■,( 
l:.i/v  <,l,itrt-~  .1^  luiii.:  <li-i,iiil.  rii.ii  i~  uliv  ,,|,j,.,  k  ■•1,„,iii  l.ni;.-" 
Ill  .1  1,,;^.  sill,,'  thf  thiii-s  iiM.k  li,i/N  \v,  ,,,ii,|ii,1,.  ih.it  tluA  ,,rf 
l.iiili- r  .lu.ix  th.ni  til. A-  hmIIv  .nc.  lli,-  .i/,.  ,,f  ,!„■  i,n,,v;(s  wliirli 
tii.\  (M-l  ,,11  ill,-  iviiii.i  is  11,, I  (li.iiiK.'l.  Ii,,u,  \,-i-.  ,111,1  ilii>  i,,i.,.,li,.r 
uilh  ..111-  i.l.-.i  ,,f  iluii-  .li-i.tiicc  i>  til,-  ,,iiK   ,-liu-  uhidi  u,-  li,i\,-  ,,s 

t.,    thr   si/,-   ,,l    ill,-   ,,l,i,  ,  I>.       ll    ,Iu-y   \v,-iv    IV.ilK    .1.    !,,,-   ,,u,iN    .,.   u ,- 

nil. Inline  ill, 111  I.,  I,,..  I,,  ihn.w  iiii,i-i-s  ,,|  ilii^  si/.'  ,,ii  tli,-  niin.,  i|i,.y 

^'""'''   ''■'^•'   '"  '"•  I'l-^'i-   'I'.'"    lluv   n-.illy  .,r.'.   ,,,i,l   ur   toiiii  ,,ur 
.iii'l:^iiifiii->  ,1, ciiiliiii^K . 

A  M-,,,ii,|  ,111,1  111,,,,.  iiiii).,rl,iiit  la,t,,r  in  iii,,ii,„til,,r  iii(li;iii,-iit  i> 
lli.ii  l<ii,,\Mi  ,i>  \i\riii  \i\Ti,  Ai.  I'KKMM.  Ti\r.  Ii  ,-  l.niiiliar  lh.it 
liiH-  uhicli  .ir.'  ri'.ilK  ii.ir.iili'l  t,)  ,,iu'  ,in,,lli,-f  .ipiu-ar  ,i>  ili,-\  reck- 
lilt,,  the  'list. Ill, ■<■  1,1  emu-  ,  N.m'I"  ami  cIoxt  tumtli,  r.  'I'lu'  iail>  ,,l' 
.1  I<-\.1  >Ii.'t,h  ,,|  ti.uk.  tur  iii-,t.iii<r.  a|)|U',ir  t,.  .,iu-  >t,,ii,liii..^  1,(.. 
tw.'t'ii  lluiii  t,,  I",, nil  .1  W  will,  its  ,„,i„,  |,t.y,,n,|  tin-  li(,ri/i>ii.  \\V 
.11,'  s..  taiiiili.ir  with  this  ,11,,  t  nt  , list. inn-  that  ulun  uc  set'  liiH-> 
wliirh  u,'  lK-li,-\,'  I,,  I,,'  ,,,,r.,ll,'l,  ,,r  iir.irlv  >,,,  ..ppciniiK  much 
(los,  r  L.^rllM  1-  .It  the  l.iillur  tli.iii  .it  th,'  lu.ir.r  rii.l  -,t  ,,,,  ,,l,j,-,  t. 
\v»'  ]\u\\iv  the  (,l,ii-,t  to  h.i\,.  .1  i^,„m|  ,K-al  ,,|  ,K-|)th. 

I'lii;  \ii  M  1.1  si-Ns,.;  ,,f  ,|„.  ciliary  ,nii,(k.>  i^i^-s  imiH.rt.iiit 
''il<'nn.ili,,ii  .,-  I.,  ill.-  ,1,-pth  ,.t  ,,l.ii(t>  ulii.h  .III'  <1.,M'  at  haii.l. 
lnr.uist'  ,,l  III.'  .lilVi-nii.t'  in  ihc  f.\Uiit  .,|  ,i,r,,iiiiii,Kl,iti<,ii  lU'Cissary 
to  l.riiiu  iiit,)  lucus  tlrst  tluir  lu  .uvst  .iii.l  ili.ii  ilu-ir  larthfst  iHiint. 
liir  -cii.ilti  ili-pth  ilu'\  h.iN,-,  ilu'  ni,,r,-  ililU'Riicc  ihiTc  i>  in  the 
tllurt  1,1  .i,',i>min,Kl.iii,iii  in  tlu'  two  ciscs. 


\     1-1        \1  I    I      IM    ,\I 
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I'llL    ~-l/l     III      I    \MIM\K    M|;|li    I-    i~    n-ii|    Ii.    Iliil.;r    ill-Liini-         It 

!:!■  iiii.'^f-  I'll  llif  r»  liiia  i  I  picplt    mi   .iiiiiii.iU  .m    -iii.ill  \m'  .i~-iiiii>' 
III    lilt  \    iniir-t   In-  I,  If  .i\\  ,i\    .111(1  ( .|  luf   I  Iiiiil:-  u  liii  li  .in    i  \  n  ii  iit  1\ 

'II     till  111.    n|     wllilll    \M      .ill     Iliil     ^(l    ,11  I  III  .iIiK     klliiU      llir     ~l/i.    .Ill 

!'l-;ii|  .il-.'  tM  1,1-  ili-t.iiii, 

I'll  \i  H  I  I  \  k  Ilk  ^11  ki  1 1-1  I  il'li    \'l-!i  i\        W  Inn  w  t    !(ii  'k  u  ii  li  I  >•  .ill 

^  I-  .il  .1  ll.i  I  I  il  i;i  ri    I  111'  ii  n  r^f  w  liirli  i-  tin.  .w  ii  .  .ii  .  .iir  ri  I  iii.i  i-  i  it 

II  il\    till-  -,inif  -li.iiM-  .1-  ill, it   III, nil    (.11   liir  (.ilu  r.      It    ilu    i.l(!i  I  I 

I-  ill  pill.  ll(.\\r\(!.  lllr  I  \\,  (  I  ini.ui-  ,ilr  IK. I  i\.i(l]\  .illkr.  Illc 
..ill  I  \  I  -I  -  ,1  lil  Mr  IIK.r.  (it  tin  11^1  It  -[,],■  ,111(1  ,1  lit  til  li  --  ot  till- 
M     ill. Ill     till      litl    r\  I     ii(ir-.    .111(1    \  il  !■    \il-i.        |i.r    ill-l.lIK  I  ,     it    (i|li- 

1.-  Ik  'ill  ,(ii(  i\  I    ,it   .1  jA  1.1  mill  with   it  -,  t(  .p  i  iit   nit.   tin-  t  i-lit   i  \  r 
'  '  '  iM  -    .111    nil.!-,!     ( il     it   III     till'   -li.ipi    (i|     (11, 1^1,1111    .\    ill     Ml:.    •'•!•. 

>     Il  It  .    Kllr    likr    I  >.        1,11  11    I  .|     till  -I-    (li.i^l.itll-.   ,|li  mr    1(  mk-    piflti  tl\ 
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I- !(..  .Ml      T»  illustniti-  Itinmular  vi«ion. 


■',;.      i5iit    lidM    iiHin   ill   Ifiiiit   lit   \  I  iiir  I  \(  -  ,ili(  ml    -,i\   im  In  -   ,iu,i\ 

•;'l    -I. Iff    -tiMiuliI     tiiiiiiiuli    till-Ill.    ril.ixiiiL;    \oiif    ,iri  i  itiiiin  nl.i  t  ii  iii  : 

'•(    l\\  1 1  .ijipi.ir  til  t  iisr  .1111 1  till-  jiii  I  MM-  1 1 1,  it  n-Mill'-  i-  I  .111-  1  it  ,1  i>\  1. 1- 

liil  wliii il  li,i>  ijcptii  .1-  will  .1-  l>it,ii|tli  .iiiil  liciulit.     'I'lii-  is  ill  ,ill 

'  li  ..iliilii  \   thf  main  t.irtur  in  ilic  lu  itir  induiiKiit  nl  iKpili  uliirli 

•I    mt>  Innil   n>in'^   Imtll  (Ac-..      'I'hr  pliliriplc  i-  i|-ti|   in   the  -tttCD- 

i.pf.     Tu  1 1  pliiit(iL;iMpiis  ,iri-  t.ikrii  111   t  lir  s.imr  \  itw  .  Imi   tlnhr-t 

in  ,1  piisitimi  ,i  liltlr  tu  tlic  ri-^lit  nl'.tliat  from  wliicli  the  -((i.ii.l 

t  ikrn,  the  (iistaiuc  In  tuit  ii  tile  tun  positions  licinJL,'  iL;nati  r  tli.iti 

■    ijistancf  lutwctii  the  tyts.     'Ilnst'  jiictiircs  at*.-  nioiint<(l  mi  .i 

11.. ^ ..  *        *    .    ..'     -.-  .1  •  r    ,1  1-1 

;::;•.■  .Hit:,  ;;\   .ii;  a:  r.t!:v;t:iif!;  i  1 1;  jii  ;>■!:;-,,  i  ;;r  ;iii,i^i-  o;   i  ru   wiii    W  ili.  ii 
I-  t.iki'ii  trom  thf  rii;lit  side  is  tlirowii  on  tlic  ri^ht  fVf,  aiui  tlif 
'ii,il;c  of  ilic  I(  ft  picture  on  tin-  left.     Tlii'  rrsiilt  is  a  vitAv  in  wliirli 
ill    ri.!ict  or  depth  api)ears  even  ure.iter  th.iii  it  reallv  is. 


cii\rri:K  win. 

HEARING. 

Mll,.,.|      .,11     ll,.,|      ,-     K,„,u,|     ,,I...MI      l|„       I    !;',-i,,|,,_V      .,1      1;,,,,1IU     ll.l-     l.-,M     ^'..l      l.\ 

"""l""iir^   'I"    -ti.i.i.n,    ,,|    ih.    ,.,,         II,,    -,,1,,,,  ,    ;,,„|,   ,,„|,    |,  ,,,|k    ,,,    ,,||   ,,, 

•  ^l""'i"  'il.,l  in\.-iv  ,ii,„,  .111.1  on  il,,-, ,1,1   ,,..    ,11,  ,h|.|   h,,-  I.,.,  11  II, „  I,    1,,  I,  ,s, 

''"'  '  ''''i'''  '    -iii,,l.,i    111  11,  ,,1  III.  1,1    I,,  ihi    ..ih.  i~         h    ,-  111-,  It,  ,  I   11,1  1,  I',    :i,  ..!,!,  1    1,1 
l""li'l    "II'     •'"     'I"     -lu.l.iil     ll uiin.     ..I    ll,,     ;  l,\  .,..l,.^\     ..I    ll,,     -|„,;,i|    -,  ii-,~. 


THE  PHYSICAL  BASIS  OF  SOUND. 

''"'"""!■"■>    '"  ll n^i.l,  1  iii.ii,  ,,1    !■,.    .,11    ,!-,!■    i!,,    -1,1.1.  ,11    I,  ,,,,,:„, I,, I   .,t 

''"    '"l^.u;!,^  I,..  1-  in  ill,    |.|,\-!,  ,,,|  „,||n,|        s,.,,,,,].  ',,;.    1,^1,.,  ,,,    ,,,„,|  i.,,    „  ,,,.,^ 

'""   ^*'"''    liJ'i   »^.!\i  -    ll.    -ti  nil-  in  .in  It  i.in^il.l.    .  i !,.  i   .,i,.l  1,  .v ;  Im,^  i,,  ,|,, 

""'i  1 1"    '""1"  -ll'  -  "I   III'    iiM.l.iiM.  in  ul,.,  1,   il„v    ii.p..  I,  -.„,i„l    u  ,\,-  ,ii,\,l„.i- 

'•'•"-  "'   'I"    'ii'iiiiiiii   "ill.  li  '.inu-  ll,.  Ill  ,,t,.|   ll„  \    .i.,  ii.,i    |,.,--    ,.  I,.-.  ,,   \   „  iiiitti. 

""    ^il".i'i"n~,.|  111,     111   i,..,!,,  ,,|,  -  |„   ,,,,.,,,-,.1  uh„  I,  .,  „,,in.|  „,,\,.  t-,.,ni.,i.,ir 

'I  ''"   'I""  11' '11  111  u  1,1.  ll  111.    u  ,M.  ii-,  l!  1-  11. i\,  11;  II......  I,  ,    ,,1!,  1,   -V,  in^Mu  i...,n.| 

'"'■'I"  I  !'■'•'  I\    III  1 1  "III   "I  -HI' I  Ih  l,in,l  11-  in,   HI  ,  ..-,ii,,ti,       II, \,  ,i„  II,   .,:   ill,- 

I    "I''  I'  -  '  I"-'    '"  'll'    -"111"    ■■!   ill'    -..lill.l  ■-  -i.,ii.  ,|  |.\    ih.     \  ||,|. ti-  .,1  ll,.    -,,,,,,,. 

ii~'  ll  I  ll"-'  iii..l(,  111.  -  It,  1,1111  -.  1  ill..-,-  -uiium.  uhi.  ll  ,11,  I  1:11 1.  t.iitli,  1  ,,u.i\. 
''"  ~'  '  "iiiiiiiiii"  ■'!'  'll'  in. .\,  IP.  Ill  1.,  ill,  i,.M,  ,,|,|  -,,  ill.  u.,\,  ;-,,iii|,,l  It 
'"'I""-  lli'il  III  -'11  -ll  "''•'  ll  .1  -"liii'l  u  at  1-  ii.iv,  11,1,^  i||,.|,  niii-t  1m-  -.,ii„  |.|,i,,. 
"'"I'  'I"  iiiiiiil"i  "I  -.11  iii'.l"  III.  -  1-  .M.it.-t  tli.iii  ll,.  ,,\,,.,^.  ..n.l  -,,i:„  ..vli,  ,,. 
"I"  I''  'I  I-  I'  "•  -ill'  1 ''■■'''  i'l-i'  .-  ..I  ...ni|.i,  -i.,i,  .111.1  .,1  t,ii,  I,,,  ii,.n  I  1^  .-,1  \,,  I 
"'"  "  'i'''ii'  II  11'  1 1"  -'11111, 11.. I  ,111  ,11  .i,,\  ,-11.  l:ni.-,M\  1„  -ii.,un.|i.,^i,.ii.ii,,,ii.  ,,1K 
'■'■'"'i^'  -ii'li  ■'-  in  I  U  .-,!,  \..  J,  ll.r,  .  l.iuili-  .ll,.,,.;  tli..  .,!,-,  ,-,  ,,|.;,-,-,it 
''■^'■""'-  'I  "II I  ll"  -"III"  -'I"1U  III'-  liti,  ..I  111,  u.,\,-,  1,  1,^1 1,-  ,,!.„,^  tli,  .,i,|,n..|r 
~'"''^    ''"    ii'iiiii"i    "I    111'  i"  111'  -  1  'I    mill   .11,..,      /,i,,  I,  |,i.-,  ,1,-  III,,  ,,s, ,,,.-,,  ,|||„,. 

1"  1.  I.  lUlli-  ,il...\,  .  iiiiinl  <  1-  ).,  1   11  nil  .11,.,  .,1, -.11,  I  ill,,,,  th,   .,\,-,.i_,       pi,  -i,,ti 

■""'  !''"■'  l"l"».  iiiiiiil'ii-  1.--  ill., I,  il„  ,i\,,,,^,-  1,,,,  I.,,  |„„|  ,  I;  ,1„,  -,„,„,! 
'~  i'>ii~i'-'l  'll'  «-i\'  uill  1"  ,1  1,-ul,,,  ,.n,-  .it„|  ill,-  ,l,-t.i,„,-  li.  .  ..,„.  ,1,-1  ,,, 
■II"  "'"I-  "I  ""I"  "I"  11  "lull  '"  .111-1  li,i.  .ilu.iv-  til,-  -.inu  ,  i  11,111,-1.  ,,1  -,,|,n,l-,  ,,r 
ii"i-'  -■   11'    n  1.1.1,-  l.\   u,i"  -  will,  I,  I,  i\..  II..  1, -mi  1.1,-  -1 1.1 1  ,  . 

'■'•'"•'I'   ii^ii~i'-il   -'in,.!-.,   will, I,   uill  .lii.iK    ...,ii|.\    II-,   I,    uill   1.,-  -,,-„   ,h,,f 

lll'll     .11'     MA.I.ll    |..,-l|.l,     ,1,11,,,,,,,-  I  11„,     ,,,,     ,1,,,,,,     ,„     ,    ,.,  ^    ,1,,,     ,.^    ,,,     ,|j_,,^ 

'li-i''ii"  'I "'II  "1"  't"iul".l  ill,-  u.i\,  I,,  ih,  n,M,  ,„  ),.„,,  ,„„  ,  .,-,  ,,,  ,|„,  .,,,  ,,,,,|. 
II'-  "I"         '!"■  i-i"    "'   ill'    «.i\'-  .lit, -11,. I..,..  ,!„.  /„/,/,  ,,|   ,1„    ,„,i,..  ,|„.  |,,-,,,r    ,|„, 

\V,,\  ,-    1  ll,-    1,1      ll.    ,     ,  I..      I..  .,.  It I.I.  .1  I 

"■  '  "I-'  1  '•'■■''■ '   I'l  '  1-.'^''   •'-'.  I'  'i'    ii-i  .1,1,  I  , 
wh.,-,    |.>-ii<m|  I,  I,. ,11  til,, I  ,.|  ih,.  uiM,  I-  .1,1  ,„  t.n,-  l,,v;l,<-i   tli.m  tji,    In-i    ,„„  . 


ill  \ l< I \ ( , 


n,7 


\\.i\i  -jii.iN    1 1  ill.  I    in   ,■"  •.■»/>  i/v.  III   I  III    .li-i.iii.  I    Ik. 1,1  /.  r,  I  Inn    t,.  ,  i.  -t   ,.i    !t..ii;;||, 
'    k"!"!    ill'    nil.  iiMt\  .   III.    .'..,■,,/, r  ih,    ,,,,!,  .;      I  h.    wiM  -  n;.i\    Im    muM,.il. 

''   '"•  '•"''  -"'vl'    A.i\.    MMS    Im     I  II  |..  i.rii.ti  ,.|  ill,    l.iM.  ,iihl  -nil  n..i   li,i\.    'li. 

■'!'l'     '■'""    -ll"»ll    l"I     I      lll'l    -'    ill     I    1-      .'.J  Ih.  -,■    CI,,  MS     II.     -li.  li    ,,-    u..ul.|    Im 

:  i.    l'\   .1  -«nuiiu  |.,  n.liiliiin,  uiiiiii.  ..11    in  .  \.  iiK    iii.  .\  iiu  -m  l,i.  .    .ml  ili.  \   n, 

:     un  .1-  friidii.'.ir  ,.r    .,.;,    ,  um,  -         |  1„    „„,,,, I    u  ,m  -  ul,i.  h  ,i   iiniin^   l..ik   ^i\,  - 

'  '    'i'l-  l"iiM       U.i\i  -  .;  ,iihl    I  ill  I  uui.   ;,.>  ..II  ill.   ..ih.  I   li,,ii,|.  ,ir.    inn-',  .il  ..n.  -, 

'   '""  '■'  'I"-  -inipli    -li,i|H        111.  V   ,11 .    .,1,  li  n„i.|.'  I.\  ...Miiu.    lU.  l.iiu  ,ilK,«,,\,  - 

[  ' 'I  -'  "  'liii'  1.  Ill  I.  I  ,i:\.   I  hi-.  -      (  ui\,   :;  ,-  ^,.1  |,\  ...I.Inu  -   ii  .11"  1  ai  A. 


.    "'••1. 


•  .•.•'■".* 


',"t: 

'  t  * 

*  I   i  \' 


::■■.•)•-■ 

• .  .  I . ,  •  ,'  ' 


^o.l. 


••■.••>::.x.-;: 


h. 


'  "•     •'       ^"    '     1..  -l.'.w  I"'- • '.iTil'!' --...I.  .ir'.l  i,ir.-t,i.  ti.iii  III  III.- .lit    ..Iwhi.lia 
...ilii.I  «.iv.|.  ...iiii«i«.-.I.  No.  .':  Di.mrani  I.,  expr.-**  tlic  lomliiK.n-  in  .V,.    I  in  firm 

'1 .1 .  iir\'c 


■      "■'■^''   '■-'■••!  '■'  ■■■■1  •..'!'!'.  I  1..  1  ,,:   A       I  l|.\,■.u-l^.  ill.    iniini,,  i  ,.1  -„,  h  ,  ,  „m|  ,.  ,-il.- 

-  uliii  li  ..111    i:.i-lii  ni.ikf  1-  nnliniii.  .1,  -m.  ,   ..n.-  .  ,,n  ,il-,,  ,  h,,.,-,   ,  ,,ni|..  ;i.  ni- 

:  11.  II  III   I.  latP..    Lit.  -       I  ..I   ill-:,, II.  .    ih,-  |„  n.„|  .  .|  ,.i,..  i,ii\,h,  |„.  ,,,  ,h,.  , ,,  ,.|,„| 

■'i'-  mill  r,  a-  .     .■  1,1  ihi.  .  ,  ..I  ..|i,-  |..  l..,ir.  ..r  tu.j  i.i  li\.  .  ,.n.|  -, ,  ,,ii.      i  n;  r  li.-r. 

.    niulil   .1.1.1  llii.  I    i.r  l..iir   w,i\i  -  i..^,  ihrr  iii-ii  .1,1  i.f  i,nl\    |\m,.      'I  ii..  pen...!  .  .1 

...in|M.-iir  i-  .iiw.i\-  ih.ii  ,.|  ill.-  -|.,\vi-.i  (,iiii[«ini  nt   u.im-  which  ii  c.mh.hii- 

l.pvv   iiiitc  i>  kriiiwii  .1,   ill.-   Uintln»nnt,il.       it   is  thi-  skal'i  ..f  ihi-  \v,i\<'  whi.  Ii 


^^mmL^m^- 


M.s 


I  ^  I'l  I'iMi  N  I  \i    I'm  -|M|  Ml.^ 


a,.ni  t  ,1.  ...ii,iH,.i-,i,,i ..  iui..i..i>..  M,.i  ..I  ii„.  ,Kr,„„i  ,,(  \„.  i' Vitii 

thP  |Mi!,..!  ,,|  N,,.  2  jiim-t  imi«,.f.|  <,ii  It  ill  .tiHrrrnl  [.li.np.. 


Fui.   "..i.      Di.icr.in.  ,1  .1  vilir.itmK  vu.liii-stiirin  t.,.li..w  lio«  ihe  \,,ri..nj  overtop 


Ill  \  l<  I  \  ■ 


IGO 


^;\i~lt    it-  ',(1  ;,'(,■  .        II.   !■[    i!.-l.il:' '  ,  '  111    Ik  al .-   liuil'    '    I     »'  Ull'li '1  I'll   .1  M<iiin  it 

li.f^  .1  ijii.ilii\  ilifif  II  III  t'l  ili.ii  I'l  iIk'  Ninie  n<>tf  im  iIh-  piano,  an<l  thi*  again  is 

.lilliniii  til  III  ill.'  -■nil  111  ill.  tuning  U<\\,  wtiii  h,  ,i-  »!•  >>.iw.  ^.i\i-  -i  »im|i|i' 
1 1  ii.liil.ii  I  III  \  I  I  111  1.  i-iM  til  I  111-  clilti  niii  !•  i-  thai  tmiii'  i>t  tin-  -oiirct  •.  in 
llx  1  1  imiii  n  m-t  r  iiiiii  III  -  -»  m^  u  ii  li  a  -m.  !■  \  ;l  ii  i'  <  m  \  \  mini  -t  i  m>;,  fur 
ill-lalli  I,  --A  Mu-  .1-  a  W  li'ili  .  1 1  •  I  111  111  \  ililainai  ..I  I  111  \\  1m  >ii-  li  lik;l  h  tl«-l«T  milling 
till  pill  li  1 1!  '  lir  |i  ivM  -I  1 .1  lull-  la  11:1  r.  Ill  |i  '111  ai  I  In-  i  iiiii|«)-itf  ciirxf  "I  ili  tmtf. 
\-  ui  II  a-  1  111-.  Ill  lUi  \  1  1.  I  111  -I  I  au  ''  II' i-  I"  -«  ili>;  .l>  it  it  wvTv  -iiImIIn  iilnl  ililn 
-111  1 1  li  lui  li-,  li  ,1\  1 -.  ijuaili  I -,  thiiil-.  Ill  .  1  1^  Xi  .  Tilt' |Hiint>  i|i\  iiliti',;  ilii-<- 
li  11^1  li-  -«  iiu  \\  i'  li  I  III-  \  iliratiiin  •>!  tht-  wli'itr  ;  tla  its  lK't»rrli  swiiiy  «  ii  h  i  In- 
I  In  I  lull  III  lilt    \Jh  'li     iiiil  «  liii  ili.^'  Ill  till-  part  a-  w  Ttic  raU-  nf  \  iln  at  mil  ■  il 

tin  i|i\  i-liiti-  1  -  111  I  111  I  all  111  I  111  will  ill  iiiM  r-(  K  a-  I  111-  Il  i^lli  iif  till  i|i\  i.H.ti  is 
liillii    !i  r_i  11  "I  I  111    ulmli  .       Ill    n  -lilt  111  iliis  i»  llial  llii- -^.lili'l        i-  ai-^  Irnni 

I  III  -I  I  111 ^  I  -  11  1 1'l  I  "1-1 1 1  mil-,  hki-  I  ill  1-1-  wliit  il  \M  liaM-  'Ir-i  i  iIm-i1,  ma'  n  -iii  nl  a  ■•in*' 
I  III  \  1  u  II  h  a  I  1  I  '"I  l;Ui  I  lilt  I 'I  till-  \  ilit..  .1111  111  till-  will  ill  -trill;;,  ii|"'ii  wliirh  a 
iiiiiiil'ii  1.1  hiIhi  ui\i-  III-  1.1.11  •.ii|"<-ri"'|«i-i  il.  u  IM  -  Willi  ratf-  in  ■.iiii|ilf 
.iriiliMii  1 1.  il  I  ii  i. .-  I  ;.  1  1.1  11.  I  ir.  1  ii>  llii- tii-i  I 'i. -.  ■' i-.- iTmn  tin-  \  llira- 
I Kill-  111  I  111    I   II I  -  .111. I  all    knuwn  .1-  till-  <i\i-  KioM  -       I  •  '  pa..  I  .ui.l  in- 

tt  Il-it  \  1.1  I  111  ..\  1  I  I..III  -  ttliie  11  .Icli  riililH-  till'  i|ii.ilil\  III  till  null-  altit  It  1-  iii'cau-.*' 
till -I  ilitli  1  .  II  .hill  11  III  ai-ti  IIII1I  11.  -  that  \v«  .irt-  aliii-  tn  'li-tin^iiiish  Iroiii  <itu- 
■  ■11.  .1  111  I  1 1,.    II.  .Il  -  1  li.ii  I !..  '.   ^ 


THE  TRANSMISSION  OF  SOUND  WAVES  IN  THE  EAR. 

'  •!  1  ill  1 1  ill  1  [..i:  1  -  '.I  1  h.  1  .11  ,  I  111  1  \'i  I II  il  ,111.1  hihi'  111-  1  li.inil..  I  -  .in-  iMily 
<  111  II  1  !  II.  .1  with  I  I'l  I  i.ii-.-iM!--;.  II  .  .1  I !;.  -.  .-.I  1  u  i\  i  -,  Mi.  .  --.  if.il  .-i^iii  i.l  In  .iritli; 
1 .1  III,  I  111  II 1  l\   I  .  .Ill  .lilii  .1   111  I  111    III'  1  1  1.  i  I  1    :;  I  I.,    u   i\  .  -  '  I   i\  1  1  111    I II     I  ;     I  -  I  ll^ 

ltllll  I  1  i:.|  i.|  I  I  .  I  \  I  M-\  \!  \l  |.|  |.  .|.  N  Ml  \  1  I  -.  I  i.  I.  I  II.  .llti-ril.ll  I..II  "1  ■  "III 
I  ri  --Hill  .11..  I  1 ,11.  I;i  .11  |.  .11  III  w  ill.  Il  I  111  \  .  •  i;  a.  Ii  ii|  ■  -i  I  -  III  unit  i. in  I  111'  I  \  Ml'  \SIi 
'.iiMnk\M.  ill:-  Mil  II  |.|,iii.  I-  iiiaili-  up  >  .1  I  w . .  ipi'liili.il  l.i\.|-,  i  in  li  .-illc 
!'.  I  wi  1  11  linn;  .i  I  i\ .  i  i  !  i  .iiim  .  ;  i\i-  !  i--ut-  wlia  li  i  ..iit.iai-  I ..  .1  !i  i.nli.il  .in  I  i  -n  nl.ir 
lilm  -.  I  a  -1 1.1 1  1  M  1-  -.  .ii:i  u  li  ii  pi  I  iiliar.  Iii-itii:  -li-^lii  I-  \  inilt  il,  w  ii  li  il  -  i  .  .ii\  i  \ 
-nil  iiiu  11  i|  i  111  a  pi  V  1.1  1  111  \  .inli .  ii  1  Ml-,  i.  u  li  i  h  |..i  in-  a  .  i  ii'  p  1.'  lln- 
i.nii.ii  in.,  1 1 1. 1  .  a.  II  111  lil.'i  -.  I-  II.  .1  1  ■  11  I  K  .11  1 1.1  in:. '.Ill  I.!  1 1  i  nninl.i  .an  l.Mt  a 
lilt  |i  .il  .ii\  1  ii .  I'll  1  .111-1  1  il  II  -  pi  I  nil,  n  -II..]  I  till  nil  ml  11,1111  ii-«|><)inl>  in  v\  av.  ■-- 
111  a  \  1  i\  1,11  ..1  I.  ill.,!  1.1  i.iii  -,  in-ii  ,iil  1.1  l,i\  inj  ,i  -'  p  11..K  in  11  ki-.l  11  J  11 1.1 1  pi  1  . 1. 1 
if  it  -  i.u  II  .11,  ;  1.1  in.,  -1  !  Ill  111.  .1  mil  m,iM  1',   l.s   u  ,i\  1  -  .  .1  1  In-  pi  1  n  ui,  ,1-  wi  .1  '>  I  I  .•■  1  In- 

1-.    It  11    wi  II    -iiiipK    .1  ll.ii   .Iriini  In  .nl 

I  III-   Ml  1.1  111    I .  \i-       N  11111,1  u  i\  1  -  'I  i\ .  IImi.,   ai   I  II.        ..ii  111    1   II     .1 .    Ill .  |..n.,.  I 

II  I  a  .1  l.\    .lir  I  .111  11  li  -  1.1  II    !.\    lln    -w  iiuiiu  "t   .1  1  linii  1  il   linn-  -mail  I.,  .in  -.  mn 

■  111  1  111   w  iii<  il  i-  l.i-Ii  111  il  In  lln    1  ml  1 .1   tin    1  \  ii'i  .11111    iin  iiiln  an    ,iinl  tin    .  ii  In  r  In 

■  In  nil  nil. r,i  III-  ill  tin-  li  in-t  t.i  ..\  il-.  .  -m  ..|  1  In  .  .pi  in  11^-  111  tin-  In  .ii\  p.n  1  it  imi 
i  111  wri  11  tin-  II  mil  ill-  .1111  j  I  in-  I II  in  I  1  ii.iii.i.i  i  -  I  in  i  .  iiin  •  t  mn  w  11  ii  lln  1  v  inp.iiin 
nu-iiiliraiu-  i>  liimiiuii  .1  Imi^  pri  11—.  tin-  111.111 1, 1  n  n;  in  nl  1 1-,.  mm  i  i  i  -.  iin  in-i  nf 
till-  liircr  iMillf-.      Tiu-  ImmIv  111  ,1  iii.illi-ii-  1-  (  iitiiit  1  till  li\   .1  i.iini   with  tin-  -1       nil 
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17(1 


I     '^ll    KIMI    \  I   M       I'm  hmI  .,.,N 


tit  a.  U 


I  I      l>i,iKt.iin 
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'•"'"■•  1 1"    IN'  I  -        I  hi-  111  It-  In,  t.  ■-,ii,..iiiu.  :.,.,,,>-.    ,,.,... i.i,.,,^  ,i,,rt,,   ,i„| 

n.  Hfthili.   il.M.l  l«.ti.,  Ill,      II,       ili,-iiin,T.n.|..l  »Im.  Iii....iiim is»iiliihi- 

•'"•"•""    ■■!   Ill'    I.  II.  -I,.,  .,N,,||.        im.  .-,1.  .1,,,^^,  ,|„.  .|,,,,„.  _„„,  ,.i.,,,.,„.|„,,,,f 

""    '''f"    '"""-       "i"    "<""  1-  r.iiliir  I.h.mI\   .III. 1.  III. I  |.\   .1  lik:.itti.iii  i..  iho 

.!.|Hi  part  ..I  th.   nuirr  w.ill  t.l  t  li<  ,|i.iiiil.<f  ami  t..  -.|,  ,  i|>,    ,  ,  .iml.riiim  it  tii-  .i 

1'. I  |.n.. .-,.  ..  «l,n.|ir  uiic.  ii.  arlv  al  riwlil  aiik.1.  -  i..  ili.    in  iiiiil.riiiin,  niiiniiiK 

.»  .1.1  u<  ill,-  aui.ri.ir  wall  an. I  tiriiiK   Ih.iiikI  lli.r.         I  In    U.iu'  vulli  \tiiii  li  llu- 

■!\  "I  till   inalK  11-  i«  juiii>  .1.  ih,   in,  II,.  ha,  iw,i  |.tiRr*^-,,  nn,  .il  win,  h,  aln-.i.ly 

•  nli..n,,|.  ,Ai.  II. N  .I..WII  aiKJ  in  I.,  makf  >  <.nii,<  lioti  with  tlii'  -laiH,.  wliil,    llif 
'  '  '•  ''"' '  '"I  '•  "  1-"  'I'l-.  1-  IninU  1 1,1  to  ihr  |H»tiri,.r  Mall  ul  rh.'  .  liaiiilH-r. 

I  •■«  -lai«-,  II. -aliiiMM  li,.ii/..iiiall\  |..l»,'.n  ill..  ti|,,,t  il„  ,,r,H, •,,,,!  I  li,.  m.  n,  all.l 
•il.  l.lvMra  <i\ali,.  Hi.-  «li.i|,  .  ham  .,1  l-.ii,  -  .„  |,  i..-,  ili,  i  a-  a  I,  \.r.  ,,tii'  arm  .if 
"'""''  '~''"    'i.innl.iiiiti,  ..I    Ih,    null.  .1-,   111,    nih,  1    ih,    .1.  .vmi«  ai.l  |,r,H  .  ,-  ,,M  In- 

'"  "-•  l"C.lli.  I  XM'h  ill,  -i,,|,,  -.  ,h.  I  III.  I.I, n  I,.  ,M^  -.1111,  wli,t,-  Ml  ih,  |..w,r  |.aM  ..I 
■h,    inall«-ii.  Ill,  II-  1..II,,     I  i^    .V,  Wli.nih,    in,  n.l.iaii,' ,•!  i  li,   iMnpamiii, -« .ii^a 

11.   till-   III.  ,,|    ih.'    niaiii,l,riiiiii    |,  |.i,-„,|    ni,\ii.|-        I  In-    u..!,|.|    i.i,,|    ,. 

imII.  II- .,11.1  in.  .,.  I,.m|.K   iiiw.,r.|-,  v..  |„  i1i.,i  !|:.  ■>    ,,,    t,r,i,K   iM.miil  in  .in  .,i,  .  ,,, 
:•"'"'""  'l'i"i'  '11  l'\  ill'  .'ii-n  Inn.  in  .  .11 1„   j.i.h  ,  -,  -  r , .  t  li,  .iiit.-ii..i  .in.|  |».M.-ri..r 

.\  ,IU  uli„  h  w,    l,.,v,     ili,   ,,K   in,  nil. .11.  .1        I  l„  .,   ,„  ,  a-  .,ii  ,,m-    „|  «!,;.  1,  ,!„■ 

■«.,  l«,n.  - -vuii^       \\;,,  ,,  ,h,    ti|,,,iil,    n,.,niil.i,,,ni  I.  ii„,\,,l  m.  Ill,    h.  ,„|  ,,t  ,  li,- 
'"'"'"'■""'  'I"    '""l\    "I   ill.    m.  II-  -UMV  ..,,1.      I  lii'u  ii.l   in.i\(-Mi,-iil  .,1   ihi    |,.„lv 

'■  '•"    ""  "-  '■■"   '"-  '"■"•'  'il'  111    ,n  ..1   ,!„■  |.,,„  ,  -  „|,i,  I,  I.  ,,,,.„  ||,-,|  I,,  ill,.  ,t,i|H-s, 

.11.1  tin-  ill,,,-,-  I  h,    -i,,|.,  ,  .,!;,. ,.  I  .,1   I,         h    will  I.,    -.  ,11   m   t  h,    ,|i.,^iaiii  iImI    ill,- 

'•'""'•""I"      'I"     I  ■.\^.  I     11111      1-,,|...I|I    ll.lil    ,,-   I.  ,11-  .|.;,l,|     ,.  ,1,,     I  „,„,-.    in   ,|„     ,,„   ,„ 

'I"  '"•"!  -'Ill'  II"  1.  \' I  ill.  n  h.i,  I,  .1,.,  ,  -  tl,,  ,  V,  in -I. .11  ..I  III.  u,\,-\Mi,li 
"^'  "•  I""  -1'  '11.-  -.1111.  Uin,  11  in,  !..,„,  ih,  I,  ini,n-ii\.  \I.  ,\ ,  m,  m  ,  , ,,,, 
■"''■"•'I'"  ll"  llni'l-  '.!  ih.-  lilt, III, ,1  ,.,,  n,.,|.,nK  |..-  \,,\  iiir>  i,i,|,,.|  ,,. 
'"'"I"'  'I"  -'  ii-i'i'-.  ..IN,  -..  Ih.il  till-  .  nliiiu  'L.^ii  ..I  ill.  mull. I II.  I,  .,-  ,1„ 
.1111.1  u.i\.  -  I-  n..i  .,  .|i.,,.i\.iiii  ,..  Al  i|„  -.,1,1,  ii|.„  .  ,  \,  I,  III,  „  ,11,,,  ,  ,,1:,,,,, 
■''""'  1"^'    ■'"     il'l'i..  1  il'l ili.i    iii.i  ,,n  Mn-  , mill .,-,    ini..,u.i..| 

•  "i\ 'I-  mil  •."I. .Ill         \  I  111  1 1 1,  I   III.  I,  .1-,    ill  i.,,u,  I   1-  ^.,1  .i,,iii  ill nil  ,1,.. II 

'  ''"•■■'"   "Mil.    u.ix M.t   I,.,   Ill,    ^^1„,1,    -||,t.„,   ,„  ,1,,    IS,,,, ,,,,,„    n„  11,!, ,.,„,. 

''  ■  '  11'    nm.  ll  -111  ill,  1  ,1,1,1  ,  ,|  I  h,    I,  n,  -i  i  ,  , ,,,   ,1;, 

\-  u.    Ii,i\.    -.ml.  ,1  ni..\.  in.  Ill   mu  ,ii .  i-  ,  .1  i  h,  m,  n.l.i.n,,   ,  .m-.  -  ih,    |i,   ,,|  ,,mIi,- 

■'''  "'  I"  i""^'-  '"■'•  I",  l^'i'v   ui'li  'll.    1....K    ..I   'In    in.  II-  .,1,1  .li.iwii,^   ll   .,1,.,,;;, 

'I"    ill.  ml. 1,1 11.    I-  ni,,\,  ,1  ,,iii    1,,  ,,n\    iinii-ii,il  .  m,  p.,  Ii.,u,  \,  ,.  ,,-  li,,i  .,„  n-  t,  ,r 

'-t.iii.  ,    uh,  n  ih,    -iiii.Min.iiiu  pi,  --in,    l.,ll-.  ili,    inu.,i,|  !n.,\,  m,  ni   ..I   il,,    1,,  ,n| 

•  ill.    111. ill.  11-  \Un.  h  I,  -nil-  I-  n,,,   |,.|l,,u,,|  l,s   ,|„    ,,,,,,-        \-  I  I,  Imli.  .|i  /  |- ,mt,-,  | 

It.  til.   |.,.ini  1.,  iu,,n  Ih.  ,11  i-.,,,,^,,rr.,i,  li,  i  |,,iiii  .,n.||,„  k-lnniK  |..t  i,i,.\,  ,n,  nt-i 

..III-  <lir,,  li.,n,  1,1,1   -li.j,  -  |,„   l,,i^,.  ,n,,\,  ,11,  ,,,,  ;,,  ,|„,  .,,|„  y        |  ,,,,  ,,  |„,,i,|j,|s. 

:'"''l-ilit  -i-.i  I'l..'..  ti..ii  ,..lli,-..rn,  1  i..,rl-..l  ih,    nil,  I.  II, -,.,11.1  loth,    Hit,  ,„,,l.,..,r. 

I  111  r,    .ir,-   lu.i   inn    inn-,  1,  -   m    I  In-   ini.l.ll,    ,  ,,,  .      nn,-,.|    i  h,--,  ,    1 1,,-    iis-,,h 

n.i  w.ill,,m,l  1-  ,n-,ri,.,|  ini. ,  i  h,- n,  .  k.,1  tin   ni.,11,  n- 1„  l.,«  I  In  .i\i- .,r.,nii,|  win,  li 

•  l'..ii.-  n.i.it,-,      \\|i,ri   il,,-  ,,,ntr,,.  I-   it    nm-i    .|i,,u    ilu    m.unil.i  inin   ,,t    tin- 


ITJ 


I'.vn  Ki\ti  \  I  \i    Pin^Kd  <.(,^ 


'"■''■'  "-  '""■"•'  ""'  ''""■'^l'  "  '  ^'  "  ■'  pull  n„  ,!„■  „„  ,nl.,,,n..  Ul>,„  ,1,..  „M-fMl. 
""";'^"'  '1'--^"'  "MM..,M,M  tlHnHml.r,,,,,,  .,,1.1  il„  .1;J„  i„,  r.  ..m-  in  |,r.  s,„r. 
"'  ''"  '-■-''  ''■'■""^■"-  «!n.li  i>  '.lUM-,  ,.  ,„„  ,!,■,, rlv  n„.|,,-.,„M|.  I,  |,,„  |„,.„ 
"'^"'^"''  '''"  ''"  •'""■"  '-  rn.i.-.iv.,  ,l,,„„.,n^  il„.  ,,-|„,„-,  ,,1  ,!„■  ninnl.rnu- 
'"  '^"-■'^'    -■■M..!-,       Ill,    ~n.o-ii,.„   1,,,-.  ,,U,,  i„,n   ,„.„|,.  ,,,,,   ,1,,,  „,„^,  |,^  ^^^^^ 

"■"'\"''''''  ^^''■"  ''"  "'""".n  i-  ,|„,,i,,|  ,,,  „,„„.U  ,,,  I,, J,  pu.h,  ,„■  r,,,,,,! 
'"'""■  "■  """■'-   'I"    I'liM.a,  ,.|  ill,    ni.iiil.r.in,   .,ii,|  t|,„.  ,,,  ,n.,l..-  ii,  „,,i,„  ,1 

"'■'""■"    1"'  '"'    " '■'1"1-      Tl„-   -,,,,,.1    ,„„mI,     i„    ,1„.   nu.l.ll,-  ,l,.„nl.,,     ,h.- 

■"'  \' ^'  "'^'  -  '"""  •'  I  '"i"  li-n    .11  ll...  „),„  ,  u.ll  ,,,,,1  „  ,„-.,  ,t,..|  u.t.,  .1,,   ,„,  k 

"'  ''"  ■'■''"  '•'"  ^^''"  •'■  ^'  '"  "  II  '..,,1,...  ,-.  „  ,  „  ,,~.,  I.„,  ,.,|  ,„;||       Tl„  ,  ,,„j,,  i„r.  . 

■'^  '"  ''''    ''-'■  '  '  ''"    "  "-"1   '\iiH.,m  .i;  pK  ..I-.,  1,,  il,„  niii-,1,-. 

.       '•  'I"    '^'"1-M„     ni   ,nl.,,,n,     ,-   ,,,   -«:,„    ,,,,K    ,,,    ,.,,,„„.    ,,,   ^,,„„|    „,^,.^ 

'"  ''"  '"  ''"  '""""  '"  I""''  i'^  -;ii'....-  !.„-,  I...  k.|t  ,,|,,,K  H„-  .;,  ..„- 
:'''"'  '  '  ''•  "l'"'"^  "'  '1^'  I  I  ~M'  M.vs  I,  i;i  «!,„!,  ,,,.,,.  ,!,:,,,!.  -u  ,ll.,w- 
'"^•■'"'-^'-■'"■"'"""■'■"""  l"^^•M)  :h.    „„!.■!,■,.„  .,,„1,|„    |l,,,M,x.      Wlun 


I  1...-  -.>.  i..ii  i.i 


:;  :!.  -I1..U1;  ;;  t:,,-  -i.ii.,l  ,.1  ih,-  ,,„  i, !,.,,. 


''"■    "•"<■'--    111.  iiil.i,.n,     ..I    ih.     iwi.r    1 n,,^    -u. -11,11    .,n  i    ili,-    |.,,-    ,^,-   ,|,,m-,| 

;i^  ;n,rv.T,    .,,1,1.,  ll',.-  ■.,,,. JM, I  ,,l.-.„,,M..n   ul,;.  1,  .,..,,,„  ,,,   ,1„.  .„rr..nl,,  ,n,  .1   iii 
tlv    ili.iiiil..  r  ..!  ih.    Hi.,  Ml,'  I  ,,1  l.iu,  r-  i  In-  |,r.-.iii,'  in  ii,  ih,-  nun:!.! 
•^  il'i-.''  -  ''•  '  1\  .  .Ml.!  .1   ;mi  'I,, I  .',  ,iin,  -,  I, -nil-. 


■  in.'   n..  I.  i,<,  r 


PHYSIOLOGY  OF  THE  ESSENTIAL  ORGAN  OF  HEARING. 

'"'    '~^"  "^^'    '   ^'^        lll.■..l^.l^  ,,l  !lM    -kull  ul.ul,  ...Mi..n,~i!,w|.,,rt  ,.|  i  lu- 
'■'''>'""''   '•-    ■!■"■''     "   -l'''P'-.   ^i.i.lii.illv   l.,|,.iiiu   ..It    I..  .,   ;„.iiii      li^.   .-,,,  .      I,    m 

'"'"'  "''•'  ■      '"'■' ""1  i-  lii:.'!  «illi  ll.ii.i.      I  ,..111  ill.-  i.iU  ni  tlu-  l.,,n.-  ..vhi,  h 

'"""'  ''"  ■■  ""•'!  I"'!"  "i  'I"  -I'i'.il  .1  l.l^v  ,.,,,,..1-  nil.,  tin  ...M.v,  ,,-,ul,,nK 
..I  ■.•HI  li.ill  V.  .\  lln.MUMi|.«„l,l,,,n,|i,iriniiK.,lin..-i  I  In- ,  ni  11  ,•  1,  ,l^;t  1,  ,,t  t  li.- s,„r.il 
'"  -  I''""-''  !••"""■"•  "t  111'  .i...inl..r  1-  ..„n|,|,i,.l  1,-.  ,«,,  ni.nil.r.in.s  .ni,,.  lu-.| 
•"  '■"'■^"''  ■"'"■".!..  ..t  l...n,  .,n.|..!  lU,  ,„|„,  ;..;w.,|in..,.l,(,U.,|,M.tn,v.,i>art 
..11  ilRMUM.t.i. ,,„■,. 1    n,  ,„,,,.,  «,,ll    I  i^;   .";.       A-  ..  r.Mjh   tl„-  ilui.l  ,,f  th.'spiral 


Ill  Al  IN(,. 


17;{ 


""■•  ■""!  'Ii-'  ilnnl,  .n,!,,,,.,!   |,,.u^.,.r,     '!,  ■  „„.,„l.r  ,„  ii  "  '  "•"•i 

1-      .  '     >      i"i<i.       n        lllrllllir.iric^.       ii||>.hK'    llllU'n     ir     111 

-.!■'. -...,,.,.„,„.„„,„,.,,,. ,„.„...„, r,.„,.„Mh..„..,:.,-..,   ::   ; 

-  I.      -.,«..n|,  ,|„-  m„MI,.  ,.,„,  |,v  ,,„.  n„.,„l„-.u„-  ,,1  ,|,.-  .,  m.m,,,  ,,v,,h-  ..n-1  ,1,.- 

"■''"    •'"-"•■'  ""nn.l...      A.  ,1„.„ ,,lH..,„r..l.h,....,« lu„„w  ,■„„,„„„ 

'•^''•^''■7''''''-'''l''''-"^nl.u,,n,...0,ul,..„,-,,,,,MK  n  f 

;:::;;::/■" •,''^'v'' ■"■- '-'■'nv,.,,.,.,.,..,.,.,.,,,,,,.,,,.,; ..' 

■--- "'-ol  .1,,.  ,,,,.,,,1  ,..,.,,,,  ,1,,.  ,..„,,,,,.  ,,v,.l,,  ,.,,,,,  vi, .,,,,,,,,,,,■, I,,.  ,,„,,,, 


'-:.    .Ilowcl  i.v   ,lu.  „„.,ul,r..„,„„  ..„,,  ..,   ,  „..  ..„,,„„,  ,„,„„„,  ^^  ,  ;  ' 


•'n<,n>   iHtw.-.n   them   aa-  .,nlv    tiumhr.in. 


-•    "    I-   I"   l«    i\|)i(  tcl    tli.il    ihf 


..--...  of  ,lu.  ,w..  ...uluM,,,  o,l,„nM.  :nMM   ,.11,.,,    ,1„.  .,„„.„,.  of  .he  .hini 
■.UM  l,H.k  h.Tf  l„r  tlR-  .-SM-tHial  ..rcan  „f  h,ar,nK 
^    -,  .  ..n     i>  h  st,.l„Ki,allv  qiMlo  >,n,pl...      Tlu-  n,!ur.  tfu-  i,vs„  xk  m.  mi.kvsk 
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1  .\ri   KIMI.N  I  \l.     I'll\-l<il(i(,\ 


lr..ninKl"y''l"r.in.li.n.i..  ln,v:l"l<Mh'liui.l.MlH  n.i.Ml.  ,  ..luniii.  I  li.  .n.loK  mi.l. 
'Hum  .nr  kn-un  a~  iIm-  I'm  \«-  "l  *  "KH.  .\l.n\r  .Ik-.-  |..ll,,r-  «u  .uh.r  >u\,  . 
s,i|.|(irl..l  l.\  thf  KMl-likc  r.M.t  wliidi  tli.v  lorni.  arc  -vrMl  lov^s,,!  nil-,  .ininiu 
111.  Ill  a  laic-  nuiulM-i  wlu.h  liav  hairlik.-  i.n.j.rt  i.m-  u]'  '"to  ill,-  nvloK  mi-li 
Tl,.-  vxlinl.  ,-  kiH.«ii  a-  tli.-0,<,.xN  .,!  (  .>Kll,  III.-  til.r.-..t  111.  au.lll..rv  lu-rv.  , 
wl.al.  nin-  uilhiii  llu-  Inn.  l  pillai  ..I  ill.'  S'l'al,  pa-. ail  \^^  ll>.-  l-'nv  ;.r,,),.lH.n 
al..ii:^  ,|,  .  nlirr  1.  nylli  a.i.l  .  ii.l  in  ill.-  hair  .  .11-,  sOii.  li  niu-l  I  li.r.-t..M-  1..-  ill.  <  .11- 
M  ii-il  i\  I-  I..  I  111    \\a\  .  ■■  III    -iiliml. 

\,  \K.  I,a\.  ah.-a.U  -..n,  llu-  .  ar  i-  .  apaM.  ..I  .li-l  inv;ui-liiiiv;  n..t  .mU  pil.  li 
,,i„|  ii,t,-ii-ils  lull  al-..  i|naliiv.  in  aiis  «a\.-  whi,  li  it  r.-i.r.<-.  N"!  "I'lv  'I" 
II, a.-  ..I  ill.  -anil  pil.li.  .iiu-  \\illi.)iil  .iii.l  ..lU'  wiih  niaiu  <.\  .-rn.n.-,  n<>l  -..iin.i 
a!  k.-  lail  Willi  liaiiiMi^  ill.-  h.  ar.r  ...n  .li-l  in-^iii-li  «li.tl  lli.'  \  ..nuu-  .  a  .•rl..iu-  m 
111,  II, il.-  .in-,  -..  ihal  .air  lli.  .,r\  nl  Immiiiii;  nm-l  ..H'lr.l  ,i  pin -i.  .I.i^i.  -il  Im-i-  I'" 
lln-,in,il\-i-.  \\.-l).iM'  iKipniM.-ni  ,.(  -in,,.liri,  al  i.m  i.mI.-,i1  wiili  iii  i  li.- .  .ir  ,.- w. 
li.ul  in  ill.-  .-%.-.  in  h.,,rin.i'  ilu-  -.  n-an,.n-  ,ir,-  ,i-  niiin.-r.iu-  a-  ih.-  -liniuli  win.  h 
.\,,k,  ih.in.  111.- iii.i-i  i;.  11.1. ill\  ,i...-pl.,l  ili.-..rN  i- ,,ii,- pr,.|H.-.'<l  Kv  ii.-lnili.ili /. 
lh.-r.-.in,,n..lh.-,ir\  ll  .m.-  pl.ic  ,-- .,  ininil..r,,l  luniiic  |,irk- ,,l  .lilt.-r.nl  p.-ri...!- 
n,-,.i  .1  Mlir.iliir^  Imk  ,.r  n.-.l.  -^u  in^  .an  ,i  -iiiipl.-  n..l.-.  ani,.nv;  lli..-f  tork-  win.  ti 
Im\.-  n..I  l..<-n  -inuk  ih.-  .au-  uilli  ill.'  -.nu  ii.nnral  p.-ri,..l  will  iK-^in  L.  \il.ral.- 
,,,h1  Kiv«-"ni  ii-n,ii.,  whil.-  ilu-.iilur-ivni.un  -il.nl.      ll  ilu'  Mhraling -<.nr>  .■  i- .. 

F    Ou-a.li  > 


rh) 


.  n  a.n  I     (H'-ly  /"/-•' 


I 

1-1,.      .-.s.      I)i.,-r,,iii  .a  til,-  i.-l.,ti.a,-hii.  ,.l  lli,-  llir,-,-  llui.l  ,,.liann-  ,.f  ilu-  nU,Tii.,l  .-..i. 

Mi.lm  -liMiv;,   win.-li   ui\.-  ■'   i'""'  ""I'  "V  .rK'!"-.   i'"'   ""1^    "'H   ' '"'   ''"'^   ^^''''    ' 
p,ii,.,l  likr  ill.    fun.l.iin.  iilal  r,--p,iii.l   lail   lli.-i-  willi  p.ri.i.l-  i-<|n.ii  t.)caili  over 
I, an-  .1-  u,  11.      11.  Inili.ill/  -iil;k'-1"I  '''■"   ■■'■""■  -'"  ''  -'PP'T'""-  i"""'  '»'  » •'nt.tilii-,1 
in  ill.-  .ar       11,  al  In-l  lli.aiuln  iti.'t   i'   «■'-  'l"'  r."!-  .'t  <  "fii  wlii.h,  li  .\:n«  f.i.  li 
a  .lilt.-r.  Ill   n.iliii.il  i-.-ii,m1,  .„  i.-.l  .i-  ri-Mii.ilt.r-  l,.  lIu'  canpo-in-  vil-rali.m-  of  tli. 
Iliii.l  -ll  ill.-  ,,ni,r  ,,iliiiiin-.       llif  ..ir  h<.w.-\.-r  i-  ...p.iM,-  .if  .ll-liiiKiii-liiin:   ,ii<>r, 
a,.i.  -  iliaii  111.  I.-  ai.-  r.iil-;  lu  -i.l.  -,  r.i.l-  ,ir.-  ,il.-.-ni  tr.nn  tin-  .ar-  "f  -iiiKiiii;  Mr.l-. 
,111,1  tin-  1,1. ,1  li.i.l  I'.  I'.-  .il.aii.l.iii.-.l.      it    wa-  l  li.  n  -u>.'i;.--l.-.l  iliat   tin-  r.-,,n.il.>i - 
mmhl    1m-  1,11111,1   in   ill.'   !..i-ilar   nu-iiil,ian<-  il-.lf,        ll    i.inl.iin-  .»  -.ri.-  .>!    r,..ii.<l 
lil.i,-  rnniimu  Ir.mi  llu-  Ih.iu   l.-.lv;.'  i"  'h''  "ni.r  wall  ,in.l  lli.-  wi.llli  ..f  tin-  nifn 
l.r.UH'.  .111,1  III. -1.1, a.-  ihf  l.nclli  "f  ill.'-'  tila.-.  m,  i.'.i-.-  |ir,,v;r.  — in  .'K    tr<>in  tli- 
li.i-.   ,>l  ill,   -|iir,il  1,1  It-  .ip.-\.      It  ill."-.'  lil'i'  -  -1"    '!•"■  r.--'n.'i"|--  lli>'  .irr.inK.nu' 
i-  hk,   ll   ,1  .if  ill.-  -irinu-  in  .i  tiny  piaii,.,  with  tin-  -liorl  tr.-M.- ,.nfs  at  the  ImKI.m  , 
,il  llu-.. Mill,..  ..n,|  llu-  lM-..n.->..t  II-  t..i.       rti,-,litli,  Mil'    ,-i,.-.-flu)W.'vi-n  ll 
l.iiii;. -I  .,1  ill.--.'  \.-rv  -in. ill  tilir.'-  ,  .in  'i.iw   -.  n.ii-.H.il  pt-ti,-l  ..-  -L'W  as  tli.it  of  ik 
1,,«,-I    n,.t.-   wlii.li   wr  .  .m   lu-.ii        (  »l   .■.airs.-  llu-  ptrl.Hl  .,1   lluni  .ill   i-  incrca-^ 
l.,..m-f  ..!   llu    Hui.l  aUiiit   llu-iii   l-nl.  rvfn  mi.  th.-  ,litfi,  iillx    li.i-  not   Ih-.-ii  ..>n 
I  1. 1.  K  111.-; . 
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SKIN  SENSATIONS. 

'Ihtn    arc   thnt-   txpi-  nf  -kin   Mii-.ili:in-.   tin-  .ipimM  i.iti'Hi   ot 

'littiniK  r>  of  tinii)tratiirc  tciniHT.itiirf  sin-f),  tlic  mum'  ot  tiPiuli, 
mil  thf  -tiiM-  ot  p.iiii.  SiiK  f  our  kiio\vli(li:r  ot  tlu'  iiorm.il  liili.i\  ioiir 
■  t   c.K  h   ot    tluM-  Mii>(>  <li])tii(l>  on   -iil)ji(ti\<'   pluMioiiuii.i.  cull 

-iiKlfiit  niii^t  iHTfoiiii  tlir  t'liiHl.iimiit.il  cxiHiimfiit-  .1-  ;;i\tn  In  low  . 

l.iitli  on  liiniMlt  .mil  on  otlur>.  ,iinl  niu>l  .Kcunitily  (UmtIIh-  tin- 

M-nll-  in  lii-  nolo. 


TEMPERATURE  SENSE. 

It  i>  thr  r.itf  .It  which  In. it  i-  Ininy;  ^'.liiitd  .>r  lo>t  1)\    tlu-  -kin, 

mil   not    tlu'  .ictn.il   dcjirif  of  tv  iniur.ituri-  ot    ilu-  .ipijlirti  olijtct, 

•li.it  i-  (Utirminvd  li\  our  -iii-.itions. 

Experiment  68.  IM.kv  .1  tin^tr  of  one  hand  in  watrr  .it  'J'"  C. 
.tnd  till'  corrispoiulinj;  tinnier  of  tin-  othiT  hand  in  w.itcr  .it  \(f  ( ". 
Aftir  no  t(.-nip«Tatiiri'  st'iis.ition-  .in'  Itlt  li\  .ithrr  tmv;tr,  tr.insfcr 
tlnin  sinuilt.nu'ousU  .it  Mf  ('.  Note  tin-  n.itiiri'  of  rt>ultin^ 
tiinptT.iturf  sensations  in  tht-  two  liiijiiTs. 

riif  tcnipir.it nri'  >cns.ition>  .uc  rccci\»d  li\  "hot"  .nul  "lold" 
;iot-  M'.ittcrid  o\cr  the  skin,  tin  mlil  -pots  In  in^  the  more  iimm  r- 
11-  I  \"\\i.  .")'.(;. 

Experiment  69.  M.irk  out  .m  arci  of  -kin  on  the  hack  of  the 
li.ind,  >.i\  20X20  mm.  s(ni.ire.  'VI  a  ha  ml  should  iie  restin>^  (  oin- 
fort.iliK'  on  .1  l.ihU'  .iiid  the  suhjei  I  Mimlfoidi'il  With  .1  thernio- 
aesthe-iometer  a  te-t  IuIk'  dr.iwn  oat  to  ,1  point  will  ser\  e  ( he 
pur])ose',  (out, lining  w..ter  .it  10  *  ,  pro.eed  to  explore  the 
-elected  .ire.i,  -\ -tem.itic.ilU  ,  in  p.ir.iUcl  liiu-,  in. irking  with  ink 
tlu'  spots  .It  whii  h  ,1  di-tiiu  t  sen-.ition  ot  w.irmth  is  exiHrienced. 
When  .ill  the  .iri.i  h.i-  Ikcii  ixplored  .h  cur.iicU  ,  tr.iii-ter  tlie 
-pots  to  ruled  painr,  .md  with  the  ,u -the-io,;.tter  cont.iiuinu 
w.iter  .It  .1  temper.ituri'  ot  1")  <  ..  jiroded  i  1  the  >.iiiH'  w.iv  to 
determiiu'   the  cold  sj)ot>.      Note   tli.it    tht    cold   sjxits,   l)«>i(Us 
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litini;  innic  lumuTnii--,  .irc  iiKirc  -liiri'l^    'i> 

\\,i,.,illi;  \\\{-  lall'T  .tif  .il~'i  iniK  h  iiKUf  n.Hlil\    t.it  i^nol.       I  lu- 

t.K  I  imi-I  I'f  rfmiinlitiiii  in  n  ptMliiiK  tlic  .  i|i-ir\  .iin  m-. 

N](,ic  iiilt  n-.<-  licit   -liiniili.  li(-i(l«  -  --limiil.ilin.,  ili>    warm  -\n,\-. 
aUc,  -liniiil.iii'  ili"M-  iif  (did.  (.ui-iiiv;  .1  i"l'l  -'H-.h  ii  .11 
Experiment  70.     'r>->i  thl-  ii-in.;  ,1  trmi»  r.iiuiv  "t  .iImum  .a)  ( 

Mt(  li.iiiii  .il  .iiicl  tli(lii(,il  -tiiiiuli.  >■!<.,  .ii)i.litil  \,,  hot   .111.1  (.iM 
-])(.!-.  iii,i\  (,ill  Idiili  ilnrnii(  -cn-.itinn-. 
Experiment  71.     ~^tK(  1   ,1   li\\    priiiiomii  <  <1  (>miI  .iml  Imt   -imt-. 
,,,1(1    -.iiniiil.ilc    iluiii    l.\    t.ipj.iim    li^hiU     uilli    ,1    -mall    r(.im(i 
iMiiiii,  ,1  .,!,)((  I,  (M  li\  apjih  iiiu  till-  It  laiii/in^  (  1« .  tiu   (  nrrnit. 


li..  .".!•  Iloat  ami  coli!  stxt*  "ii  tlir>  <.kin  i.l  tin-  (..ihii.t  ttic  Lit  lui"!:  -i  • 
licit  -iH.t>.  'M  cold  six>t>^.  riie  lieptli  ni  llif  ^hailinn  ui  r.n  li  <  a-c  ni'ii-i-tus  thr 
iiiten-iiy  ut  the  sensation. 

Ilif  Mii-'atidii   i)t    ttinptiMtiirf   rfmaiii-  tor  -diiic   time  aittr  tlif 
i-diiditidii   tati-iiii:    it    ha-   htin    nnidVtd      tiiniHTat iiif   .ilttr->fnsa 
tidii'-  . 
Experiment   72.       I'lan    dH    tlu    tditluMd   a   cdin   which    ha-   \n-rv 

,  ilhcr  lodltd  di-  u.iiiiitd,  and  iidti-  tin-  iiaturt-  dt'  tiif  -fii>.itidii- 

whiih  art'  cxitfritiuid  .ittt  r  Ms  n  nid\ai. 

The  ttiniHiatiiif  -ihm  1-  not  i(|ii,illy  aciiti  omt  tin-  Iwxh 
M.my  laitors  intliiiiii.  t!ic  n  inl\-  !mt  in  ufiu  r.il  it  nia\  l.c  -ialf 
th.il    fldlhfd    I)aH^   .iif   nidit    -.nsiii\i-    lli.m    uiitldthtii,    uitii   tli' 
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xciption  of  the  tc-inplcs,  llu-  lowtr  lyc-lids  and  the  cheeks.     The 
li.lliiu-  '.f   the  IxmIv   is  relatively  insensitive.     The  sensivlty   in- 
,.  ,i<.s  trc.ni  the  far  extremity  ;>f  the  iinil  -  towards  the  trunk. 
Experiment  Ta.-l'sink'    t«st    mUs    eontaininn    warm    or    cold 
water,  proceed  to  confirm  the  alxive  >tatemenls. 

SENSE  OF  TOUCH. 

This  IS  likewis.'  mediated  by  spots  iton<h  si)ot-  ,  which  are  di- 
■lil.nted    independently   of    those   of    temi    ratuiv,   and   are    mn-t 
aimiTous  to  the    'windward"  si<le  of  the  hair  tollicK- 
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ilxperiment  74.  --l%inii  llu.'  sanu-  area  of  hand  .t-  was  eniployid 
l(.r  determining^  the  temperature  spot^.  <>r  a  part  of  it.  make 
in  i-x.ict  chart  indicating;  the  position  (.f  the  liairr>  ui>e  .i  lens  tor 
this  purixisi-  .  Now  cut  the  hairs  flush  with  llu-  skin,  iiy  means 
of  a  sharp  scissors,  or  -have  th<'  i)ait.  T.ikc  a  series  ol  hair 
aesthesioiniters  made  hv  mounting  -trai^ht  li.iir>  o!  varyini; 
thickness  at  ri^ht  angles  on  wo(Kltn  hoKhrv  T'ii;.  t'd  .  The 
exact  weight  at  which  each  hair  Ixiid-  \vh«  n  pressi-d  on  one  scale 
p.m  of  .1  balance  is  marked  on  tin-  handle.  Select  .i  hair  whidi 
provides  a  stimulus  of  such  .i  sireni;tli  that  it  will  call  forth  the 
1.' 
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pttuli.ir  ~.(iw,il  inn  diir  Id  .1  linnli  "-pipl.  Il.iviiii;  mi.kU'  certain 
lli.il  tile  -nliicct  whii  ^liiiiild  Itf  liliiidtiildcd,  (  .m  rti  i  iy;iii/f  tin 
>fii-,il  i(  111  .Mid  din  V  iiiit  (■()ntii>r  it  wiili  oiif  III  |),iin,  uliii  li  i-  ni 
Imimr  d'.ir.itiiiii  .  priKi't-d.  -\  stcnutii  .ili\  ,  ti>  m.irk  tlic  IoikIi 
~|iiii~  I'iMii>t(r  till-  result^  to  ilif  (li.iil.  .ind  imlr  tin-  rtl.itiiiii- 
-liip  III  llic  iniK  li  ^pnN  III  tin-  liair  liillii  If^  lU  iiiiK  liiiiu  .1  liaii 
ttif  -iiiM-  ut  liiuil)  i^  .icci-iit  iiatiil.  KrjMat  tlic^i'  ul)>fr\  .itinii- 
Mil  tile  rail  <  >l  tlir  It;;,  ulitrc  the  liair  Inllii  Ic-  arc  lt-~>  mmitntiis. 

Experiment  76.      ^rlit  1    .m    .loiiic-ionHicr    uliirli    i-.m    pniducc 
.1   di-iimi    ^(  ii-.itidii   III    tiiiuli   wluii    il~   li.iir   i-  ])rf— .id    tu  the 
I  iciidiiiL',  piiiiil  nil  llif  I  lid  III  line  nt  llif  -Uiii  li.iir-^.      .\p|)l\   it  In  ,1 
ii.iirlr---  p. Ill  1  it  tlir  --kill  ,ind  imlf  ill, it  it  ciii  it-  iin  Mii-.ilii  m. 
It    !■-  iisijKirl.iiit    III  di>lin:^iii'-li   lictwiiii    liii-  -^t•Il-at;l  iii>  nt   dfip 

Jill  -^iin-  .iiid  ii  null. 

Experiment  76.      ruiuli  tlir  -kin  liululx  with  .1  Mum  puiiit:  iluii 

L;i.idii.ill\    ill!  ri  .1-1-  tin-  pif^-iirc  .iiid  iiutc  tlir  1  n  (iirrciicc  1  it  the 

dn  |i  ]ii(--~iirf  Miwal  inn.      Nnliili.il  t  lii-^  1  irriir>  niil\   .liter  I  lure 

li.i-  liteii  dei  ided  (Utnnii.il  inn  111   the  >iirl.i(e. 

I'lie  llire--iinld  \.iliie  lor  liiiiili  itniuli  .u  iiit\>  \,irit-  ill  dilteretit 

li.iri-iil    the  liniK.     '^e\er.il  lliin^L;--,  lie>ide>    the  |)re>eii(enl    h.iir-. 

dell  inline   llii-     ihickne-^nl    -kin.r.itent    .i|)plir,ilinii   nl  -liniulii-, 

jiieN  ii  111-  It  ii  t  ii  ill  nl   >kiii.  ell.  I.      Ill    i;ener.ii.  hnu  e\  er,  the  nrder  nt 

Inurli  tliie-hnii'-  is  .1-  tnlinu-;  liji-.  tiller  li|  -  .iiul  tnrelie.id  ;  dnr-,il 

•  i-pei  I    nt    liiiuei;  palm,  arm  .iiid    thi^h;   Inre.inn;  wiiile  mm  h    li>s 

>en-iii\e  .HI-  ihe  extensor  >nrt,He>-  nt  tlu'  tnTe.irni  .iiiil  the  loins. 

Experiment  77.      I  -inc  \.iriou-  ii.iir-.  delermine  the  e\.u  t   ihre-- 

linld  \  ,ihie  Inr  iniu  h  tor  the.iliiiM'  iet;inn-  ii\  tiiidiiii;\\  li.it  thirkiies;' 

nl    h.iir  nill-I    lie  IImi!   Ineliiit   the  Mlls.ltinii  111   tniu  h  .It   the  pninl 

.It    wliiih    the   li.iii    iiist    tieiids.      Make   ,1    l.ilile   nt    the   r»>iill>* 

ui\  iiii;  I  lie  "  iieiidin:^  \\eij;ht  '"  ol  t  lu'  h.iir-  lor  e.irh  reyioii. 

Hi  -idi  -  loll,  h  .11  nil  \   it  is  import, lilt   in  -iiid\   the   1  1  n   \i,i/  \ Hon 

nt     linuh     -ell-.ltinll-.         I  111-     m,l\      lie    dnllt     (  i  I  her     l>\         -kill),;     the 

i  Mindli  ijded      per-nn    In   pninl    with    hi-   tiii:>;i  1    in    the   ex.ict    place 

where    he    w.i-    |n|U  lied      .ili-nlllte    Inc.lli/.it  imi      nr    |i\     a-t  erI.limilL; 

the  di-Miiie  li\    which    tun  pnint-  must    lie  sep.n.iled   in  nrdiT  ti 

'111  111.. in  .it  thi-i    1  \|HTinu  III'   1111    l.iui  li    ,1    liiir   ■  .iiuii  -  li.iii   luii-li  ■  .111  .li-n 
Im    ii-,,! 


Skin   Sin-midn- 


17".i 


!„■  (liscriinin.iti'il     Lmdi  di^,  riinliMtimi  .      I'hi-    Mm,  il   -i^ii    .  .1-  it 

!-  (  .i!K<l,  \  .11  ii  -  ill  ilitt<  n  111  p.irt-  ot  tlir  bndx  . 

Experiment  78.      Willi  .1  I>air  ..1  (.iliiur-.  .1.  tniniut    tin-  .li-l.nu.- 

Inr  ihr  tipot   tlu-  Inliv;uc,  I  lu'  p.lllll.H    MIlt.Ktnt   ihr  tllinl  pll.ll.llix 

ot  tlif  tmu«r.  it-  (Im-.i!  Mitt.K  <■,  tin  tij.  >>\  ilu-  iic-.-,  ilu  Im.  k  ,111. 1 
npp.r  ,11111:  iii.ikf  .1  t.il.K-  ot  tlu-  i-.Milt-.  Not,-  thai  tlir  ..niir 
(it  Mii>iti\il\   tiir  tuutli  (liM  riiiiiii.iiK.n  i-  iim|    tin-   -.tiiif   .i--   tint 


nr  tuiitli  .11  iiit\ 


SENSE  OF  PAIN. 


Aiiv  -tii)nilu>  will  f.iUM'  p.tiii  \sluii  it  1-  mt\  intcii-f.  1  In-  .I.k-« 
iiMt  nu'.iii,  .!>  h,i>  l.fcii  thcmiilit.  tli.it  p.iiii  i>  111.  rtK  <lu»-  U<  n\.  r- 
-liimiLitinn  ut  ,iiiy  anpti.r-.  Vhvvr  .m-  -p.ci.il  ic.pl.ir-  tm  p.  1. 
ni-t  .1-  tlurr  ,in-  tor  \>>\uh  .iiul  tciiipir.ituif.  (  >iic  ><\  tlir  111,1111 
ppM'tV  i.t  thi~  i-  th.it  p.iiii  -I>"l-  ,irr  iikmc  cxun-n  «ly  ,1111!  i.kiiI.iiU 
iji-triliutid  ill. in  the  ntlur--. 

Experiment  79.      I  Vin^  the  -.mu-  .irci  ■>!  vkm  ,1-  u,i-  I  1111  !.  \<(| 

|,,r  tln'  l.«  Mtinii  <it  tcniiMr.itiirr  .iiul  t..ut  h  spot-,  pro.  trd  t..  111. irk 

,>ul  till-  p.iiii  -pot-  1>\  iirickinvi  wi'li  •'  ^'">'t  lior-f  ti.iir  or  ,1  l.n-tli-. 

Noti   til, It  tin-  -(  ii-,itioii  i-  iiion-  l.islinv;  tli,in  t!i,it  l-ir  Ioik  li  .md 

ih.it  tin-  p.iiii  -pot-  An-  (li-trilmtcil  in  .1  ililiiifiit  iii.iiintr. 

Aiii'tlii  r  i.rool  ot  till  -rp.ir.itc  ixivtciu  .•  ol  ii.iiii  -pot-  i-  tli,it  tlirv 

,,l..iir  .iiv  loiiiul  in  tlu-  ronu-.i:  on  tlu-  ,  oiiiiin.ti\  ,1  t!i.\  .xi-t  .iloii^ 

u  iih  tnnptr.il  lire  -pot-. 

Experiment  80.      Writy    tlu-    .il.ovi-    ^t.ii.nu  nt.     u-ini;     iiudiiim 

li.iir-. 

Tlu-  -kin  -(-n-.itioiis  an-  not    .it    all    iiithuiu  •  <1  to  the  -.iiiu-  f\- 

I,  III  wlun  tlu-  l.loo.l  -upply  i-  iiit(Tt\ri-(l  witli.     'ihi-  t,i<  t   iM-i-mu- 

t     intiri-t    on    .ucoiint    ot    it-   an,iloi;%    to    tin-  rc-iilt-  u  hit  li  li.i\f 

i,..-ii  ol.-tTM-d  during  tlu-  rt-^t-iur.ition  ot  M-\cri-d  iur\f-. 

Experiment  81.      lU    nu.in-  of    .i    hlo<Mi    prf-Min-    (  utt    .md    l.iiU) 

,|i,,|  ,,,  the  ,inii,  d.  itriniiu-  tlu-  -\-toli(-  prr-Mirr.  thru  n-lf.i-«- 


,ip 

tlu-  pr(---iiri    .11 


nd  i,ii-t    I  hi-  .irni  -o 


.1-  to  t-mpt\   It  ol  -oinc  ot  it- 
Mid.  altir  wliii  1)  .i:,^,ini  ,ii>i)K   tlu    iin— iin     Imt  noi  ,i1h,vi    iIm- 
-t.ilic   \,iliir         I'roii-rd    to  I  oinp.irt-    ilu-  Mii-ation-  o!    toui  ii. 
1  p.iiii  ill  r\.n  tl\  I  (irn  -poiidinv;  -kin  ,iri-.i-  ol  ih 


it-miHiMtiin- 


aiK 


I  w  • 


haiui-       I  )ilt»rrm.  -  ni,i\ 


t.lkt-  -I  1IU-  tillli-  to  lit-(  (iilU-  r\  idt  lit. 


'tu'iii,ir!\  tor  u 


hit  h  -1  ii-,(iioii 


lioii-  itu-\  tir-t  1 


it  (■(  iiiif  -< ' 


1K(» 
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TASTE. 

(  liis<l\-  allifii  to  llif  skin  Mnsiti(iii>  .irt-  llic-r  ni  l.istc  aiul  siiu-11 
The  follouini;  rxiicriintnl^  on  i.isli-  an-  im|Mittaiit. 
Experiment  82.        .n    l)r\   the  tnn^Uf  and  .ippK'  a  (TN'lal  of  sail 
or  MiK'"        Notr  llial  it  is  iiot  tast<<l. 

ilii  (  )ti  till'  ilr\  siirtaic  of  tlif  toiiL;iU'  appK'  li\-  imaiis  ot  a 
(aiiiiT'-  liiir  linisli  a  -olutioii  (<i  (|iiii)iiic  il  to  l,(MK»i,  so<liiiiii 
ililoiiiii-  •]  to  L'tMt  ,  1  anc  sii^ar  1  to  ."i(|i,  ami  siilitliiiric  acid 
I  1  to  1,00(1  .  1  ►ctcniiiiir  at  w  lii(  li  pari  o|  the  ton:.;iii  the  -trorii;- 
fst  M'n>atioii  is  jjroduifd  \>\  t  a(  li. 

(c)  I'irpan-  a  Miits  of  -oliiiioii^  o|  i;taduall\  iiu Ttasiiii; 
striiii;tli>  o|  (iniiiinr,  salt.  ~iit;.ir.  .iiid  -ulphiiiii  ,u  id.  ln'i;iiiiiiiiK 
in  (Ml  li  ( MM'  ,it  I  in  .">.000,  ,ind  ajipK  to  th.it  jxirtiou  ol  the  toniL;!!!- 
most  scfiHiiixa  to  tlif  its|>«(  liv  c  -ii!  i-i.iiu  c--.  I 'ittriuiin'  what 
striiiKlli  ot  --olntion  i-  nii  i-^.irx   to  ^tiniulatr  t.i-Ii-. 

oli  .\iii>K-  with  .1  liru-li  .1  litllc  ot  the  -n^.ir  sohition  of  the 
strength  whi(  h  iu>t  stiiinil.iiid  t,i-tr,  .in<l  lollow  with  ,i  droj)  ot 
s.ilt  >oliition  of  the  s.mu-  l,i:-li-  \.iliic.  Notr  that  the  salt  ntu- 
ti,ili/t  ■-  the  (  Itfct  of  tin-  -ui;ar  and  millit  r  i-  tasted. 

(I'l  T.ikf  .1  -ohition  of  -iioni;  -alt  water  into  the  mouth  .iml 
w.i-li  out  with  (li-lilled  W.lter.  Note  that  the  w.ller  t.l-Iis 
sweet    ;neu,iti\e  ,(tter--l  inuilation  ■. 
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SlAllON    Vi. 

DEMONSTRATIONS. 

In    tl.f    Inn-K'-i'iH    tli.«l"«r>    rxiurinui.t^    I... v.-    Iktm    .irs.rilK'd 

hi.l,    tin-   -tu.l.nt,   .idur   iiulix  i.lu.illv   .t   ii.    >m..ll    Kr-'Ups,   <'.>n 

..rtnrm  tnr  liin.s.lf,  Imt   llun-  ..ri-  ..th.r  .xprnnunts  ..t  f.|ual  im- 

:„„,.MHv   In.m    ..u    .(liH,.ti..n..l    vii^NViM.inl ,    in    ^^ln.l..    f'-r   -.l.v.u.i^ 

.,.,~,ms  tl,i>  I.  imp....,M.-  aiul  il  i^  nr.r..,,rv  that  tlusr  1.-  .Umhom- 

.,,  „,,1      TIu-  v.ilur  ot  ,1,  i,.Mn>tr,iti.m-  .-I  ni..rf  ..r  lt>s  <  -  inpli' .•'|-«l 

.  x,,rrinunt.  in  i.!u>iol,,v;v  .Upn..U  -m   two  farf.rs.  l,r>l     that   tin- 

,,„|,.„t  i.  familiar  xvith  tlu   c  m  ral  t..luii.iur  nt  tin-  nuth..,|.  .m- 

.,l,,v<-,|    .m.l  M.nn.llv   that   tin-  pn(  is*'  ap[.li.  at...n  and  luarinK  el 

l,r  r.Milts  ot  fa.h  rxprriin.-nt   atv  aiM-n.  iatr.l  1a    huii.      1..  Mav;f 

n    ,xp,rimn,t    uith    thr   --Ir   ..l.i.<t    nt    .Uinnnstrat.n^    roults   is 

s  ,lurU-s    h,.u.Atr   important    an.l    fim<ia.m'ntal    tins*-   r.Miltyn 

•In  n.^clv.s  mav  Ik-;  tlu-  .lrm..n>tr,,tinn  Ik  r..,n<>  ut  v..l..i-  ..nK  uhn, 

I.nt  km.^^^  .Na.llv  hnu    tin-  r.  m.U  is  ,.Ma..u.i  an.l  .^  abh- 

,l,„r  It  in  nlati.Miship  uilh  i-iaNinu-^  kn.As  Ud^f  •^a.iu'.l  l.v  utlur 

•HI   (he   <U    I'i    Stl|(l\-. 

riH'  parti.ular  .xp.rinunts  nkIu.Ii  it  mav  l.f  (Krnu-d  a.lvanta- 

.,„..  to  ,l.m.  nMratr  Nvill   nMis>arily   varv.  not  only  m  .i.tl.nnt 

,l,„,.„,ri.  >,  1  lit  alM,  in  ni  viar  to  y»ar  in  thf  ^amf  lal.oratorv.    It  is 

,.li,.v.-.l     li,,urvrr.   that    it   will   bf   iisHul    to  .U'scnbf   brullv    tin- 

.„„,|.,„unt..l    rxprrimrnt>    that    thr    auth..rs    ar.-    ,,.a  ustoni.  .lib. 

:,  „„,„.,ratr  to  tlu.r  .•la^>rs,  partlv  to  a^Mst  tlf  stu.h-nts  to  u.u W- 

M„,l  uhat   i>  l»nr^  .loiR-.  an.l  I.artlv  as  .i  v^ui.U'  to  othiT..      1  u- 

x,uriimnt>   that    hav   bcfn  Mh-.tf.l   mav  also  U-   prrtorm.-.l   by 

„lv,,n...l   >tu.U-nt>  an.l  arc^  .k-.  ribnl   in  MitVuirnt   .l.^ta.l   tor   tins 

rhi'  .UinonMrations  an'  i,'r..uiH'i  in  chaptrr^.  i.u  h  .  hai.tcr 
iMU^  in  pra.iuabK'  >r.|nni. v  thf  .viKrim.nt^  uhi.h  .an  m..st 
-iiMMiit-nllv  ill-  p»Tlornu-.l  on  a  sin^k-  animal. 


!i«-  >tiii 


isi 


L'&£i.:Ji='^ 


LllAI'll-K    X\\. 

THE  CIRCULATION  OF  THE  BLOOD  AND  LYMPH,  AND 

THE  RESPIRATION 


The  Reflex  Nerve  Control  of  the  Circulation  and  of  the 
Respiratory  Movements. 

Ill       I     \\>        .'.1.      \l        71.      II      ll.!~      IpIIII     ill    III!  ill-ll.lll  i|       lllll        till-       In, lit 

I'l.ii  I-  (  "III  II  ■liiij  l.ir^iK  ilii.iiuli  tin  \,r^ii~  iiiivi  .in<l  tli.il  till- 
'i<\;iii  "t  n-i-i.iii(i  !■.  ilh  Mom!  lliiu  iliiMii^li  ill!  -|il,<ni  hnic 
\i^-iN    ilijnii'U    ,,||    MU|iiiUi  -    1. 11111(1    li\     tin     -|>l,iiii  linii     inr\»>. 

I  111     \,i-i|~   .illij    \  .1-1  p-li.' ill  ii    iMl\r~   .III-.I-    in    (lir    Iliiilllll.i    1  il  >|i  i|li;.il.l. 

I  III     illrlilil     iui\i~ii|     llli     II  --|)ll  .ill  ilA     Illll-i  Ir-      |illlrnii     .mil    illlil- 

ii'-l  il  iiiixi-  .111-1  III  -iiiii.il  nii\r  iiiilii'-.  uliiiii  .iir  ill  imiii.itfij 
l'\  .1  III;,:  1 11  I  1  1  III  11  .  11  li-  1  lllrl  H^pir.ili  HA  I  I  I  I  II'.  .1-  1 1  i~  r.illcil, 
l~  .il-i  p  >l  I  il.i  li  1 1  111   I  l;i    nil  1 1  iill.i  I  111-  I  )H  -1  II I  I  Apr?- ii  mil  I   I-  i  li\  i>ti  1 

I"  I  111  I 'W    li^lii   ■  .11   till'  ,illi  Hill   p.iiliw  .i\  -  lliiMir^li  u  III!  Ii   I  lie  .iliii\  f 

1   I    I     '  ll    -    I Illr       -  :  lllllll.lli    .  I 

Demonstration   1.     ^imiili.iinuii-   ir.irinu-  .nt    i.ikin  i.i   tin- 

iiii'i"!  Ill I    pn--iiii    .mil  1. 1    till     ii-pii.itiii\    nil  i\  iiniiil-    p,  ss  . 

Ill  111  illui'  111  .nut  i  1 .11  til  1  ill 'nil-i  1 1  iliPi;.  Illr  ~ti,ilir  nti\r  in 
1  'II'  Ii  -  iiiii  I  III-  \  .un-  llli  \  (•-  1 11,  I  M.I  1 1  -11  lev  ,  ,1  tin-  111!  l<  .ire  i-\pi  i-i-ij 
nil  I  |i  .1  .-I  li-.iPin  -  |)l,ii  1  il  .i;  .mill  ilii-iii.  A  in  .1  inui  i-  llini  .ip|)licii 
i  '  ilii  .-km  111  ilir  till. I  wliili-  ilii  n-ii  III  1, 11'^  ilrnm  i-  rt  \  i  ii\  iiii;  .it 
-mil  .1  ^piiil  lllll  llii  .liili.ir  pul-.i  I  il  Ml-  r.m  I'r.nliK  In-  mnnti'd. 
''i-|i\<'   ■'■>    1  llti  iv  ,,n         1      ''ii    piilsr   i.iic     •_'     till-   nit. Ill   .itti-ri.il 

I'l I    pi»--mi     .mil      :;      ill,-    I,:',-    ,111. i    iKjiili    III    tin-    n-^iiir.itinn-. 

Willi  -;»iii-i.il  I  .  .Ill  lii-ii  .11-  m.i\  In-  ilr.iwii  n  .iirrrniiii;  'lie  inthiciirt- 
1  .ii  1  111-  I  I  iiin  -  1 .1  I  .\  I  I   -I  iniiil.il  i.  .11  1 .1  '-km  lu  r\  i- " 

\li<i  111.  .ill  i.iliK  I  iuli!'  iiiii'.,  ilu-  li-.itun  .  till-  -(i.ilii  iitTXi  i- 
1  II'  I  •!  iiplni.il  II.  11  ,,;iii  till  lllll  iiiiii  M-.ipplii-ii  111  till-  -km.  W'lial 
1  . 'Ill  lii-ii  .11  i|.i  \ .  .11  ill  i\\    ti..m   illr  n -iilt^,' 

I  111  .iiiiimI  lllll  1.1  ilu  I  HI  -li.itir  i-  till  II  -1  iimil. lllll  wiili  liu' 
til  .lllll    1  III  ii  ni .  1  .l   .1  -!  Hii'^il,   w  liii  li   ju-t   ]i:.  .lllll  (■-  -I  .nil-  I  11.  111^1    in 


\  \-<  I  I  \K    \M>  Ui  -riK  \l<'K^    t  »k'.\\- 


\s:\ 


„  nr  nth.  r  ..I  thr  ir.i.  mu-.  ili<-  ..I-,  i  \  .iii"n-  \»\\\k  l  ;-.  ..i..I  uiili 
•,,,iK'.r  -imiuli.  111.-  li-i.H.niMn-  ..i.  m\.ni.iM\  in.  i..im.I  in 
.pill  .Ml.  I  ili\  llim     lixiKtiin....!     .111.1  ill.    ti.Mil  i.il.    i-..ti'  n  i..ln...l 

III    the  .  tlf(  t    .Ml    1.1. hmI   |)H--II|.      1-  .1    Mill     I-   n.'I    M  .i.liK     in.    iM.l.ll.lf. 

,  ,  .,ii-r  ..I  ih.  .A.ium  r.iti.l  n -pii.ii.'iN  .i-.  ill  iii-ii-  uln.li  tlif 
M  111,;  -ll,.\\~  AM.I.  nl  111  .1.  -  I..  I  lie  V.lUll-  .111.1  I.  -I '"•''"' ^  ..  nil.- 
I,  .1.  iii..ii-ir,il..l  III  llii-  .sj..  run.  lit.  .in.l  lli.'-.  i"  ili<  \  i  -  >ni.  .t.  t 
.,iiic  ..,11  |,r  inhin.l  111  ..iM-  uIhk'  ilu-  l-l'-'l  |.i.--mi.  n-.  -  ..r 
.  in.iiii-.  i..ii-t,ini  wlnlf  llu  l'iil-<-  l.c.Miu-  -l..\\.i  \\li\  i-  'li'' 
■  111  lii-i..n    i>.t  ini-^ililf  ' 

(  Mif  \.n;ii-  II.  i\f  i-  "ill  .ili'i'  m.'<lt  r.ii.K   licli''  niiu  'Ik    lui'n"' 
:. .1111.1  It  ,111(1  ill.  <tiiir.ll  t  ikI  1-  -ii!iiiil.ii..l.     An-  lli.-  i.  -iili-  Muiil.ir 
ili.i-f  .li  -I  i.itic  -timul.ili.'ii ' 

111,'    I. -nil-.    ..t     'lit-    l.'it  •c;..iiiu    »\i..  iiin.  Ill-    null,   il.-    iliil     'li»' 

iiiiv-   ..I    r.-i.ii.iii..n    ,111.1    .'t    v.r^ii-    .m.l    \  .i-.  .in.  .l.'i    ..'iiii"l    .lU' 

niiill.iiH.iiisK    -.tiiiuil,il..l    tlir..UL;li    .ill.nnt    ilia.-       In    "t'I'i     '" 

.  i.rmiiic    llif    rrl.iiivf    iiiip.  n  i.iii.  »•   ..I    .  .m  li    «tl..l    n    i-   ii...— .ir\- 

.liniiii,!!.'   ..lit    -I    I...1I1    .it    ill.-  .'tlitr    itt.  1.  nt    iiitlin  u.  .-       With 

i-  ..l.if.  t   in  \  itw  .  th.    1.  Ill, lining;  \,iv;U--  i-  .  ni   -. .  ,1-  t-  i.in.iv.'  llif 

.  .lit  lr..m  \,iuii-  t..iitr..l.       Wli.it  .Iniu- <  "nl'i  li'^''  !'<-"  -  mi'l-'^ ''l 

.  .  Ilf.  I   .1  -iiiiil.ir  .l»n.r\.ili.m  ..t   tlit-  IumH        \\1i\    i-  tli«i.    .1  mm- 

1,1. ...<i  pit  — iirt'i     The  -ti.iti.    ,111.'  \,i^n-  iiti\t^  ,iif  ,11;, 1111  -iiiiui- 

1..I.     \\li,it   .llliticii.f  i-  tlitrt    ill   lilt    r.-iill-'    JAi-liiii   tlit    ..111- ■. 

1  ii(|iit  iith  .   1>\    ii-iii>:   milii.ftl    -h.'tk-   lli.it    .nf  nl.iii\tU    •-l"\v 

1.1    Ittl.lf.    till-    itlltx   ttttit-   ..11    ..iitii.il    l.l'..'.l    prt-Miif    ,11.     till- 

;.i..i-itf  .,1  (hi  -(■  .,li-ti\f.l  wh.ii  -li".  k- ..I  .'I'.lin.iiA    tr..|ii.n.\     iiul 

!.  iii;iii  ,ii-f  iin!,l..M-.l.     Wli.il  .  ..11.  ln-i..n-  <1..  \..ii  'Ir.iw  ' 

l.\.ii  thf  ilimiii.ili.Mi  .il   I.  tl.x  \.ii:ii~  t  II.-.  1-  ni.i\    n"t   -niti.  >    '" 

iii..ii-lr.il.-  till-  ii-f— ..r  i.r  .l.-prt---.  .r  intlm  11.  .•  |i...in-.    .■!   tli<    p"'- 

iiun.in.c    ..I    ihi-    n--pii,ii..r\    .  tit-.  1-.       it    111. i\     \>v    ii...--.ii\     t.. 

■niii.it.-   tilt-  l.ilt.-r.  wlii.  li   ..in   l.t-  .l.m.-  li\    ini.-.tiiie   iIiK'Hl;!!    tlif 

n..r,il  \  tin  ,1  --,itur.itt-.l  -.  .liili.'ii  .'t  .  nr,irf  in  pli\  -i.  .1.  .iii.   il  -.ilni.    * 

1 1.  1-  ill.-  iiilln.nt  I-  lit  .  iir.iif  tlif  rt-pir,iti..ii-  .  .-,im-.  .m.l  1..  k.  .-]>  tin- 

iii.il  .ili\f  it   i-  iu..---.ir\    ti.  (-..niit.  I  tin-  i.--jHi.ii.ir\   piiiiii.  i"  ilif 

li.-.il  .  ,11111  iil.i.  with  thf  ,in,if-tlitti.    li.  itll.-  ill-,  rt.  .1  in  lli.-  inlniK. 

•I  il.'  tur,ir.'  -,, lull,  n  -Ih.ul.l  I..  I  •!■  i   "•■' I  -  ^'  '''''''■■  I  •"  ^ '""-'''  ■""'  -'"     '''''' 
'.  .1  .  n  .1  In  i;  |..  Lir.-  umiu  in  1  In    ..1"  .\ .    '  ^|"  1  ini.  ni         I  li.'  .  iir.ir.    .11   |,i.  -.  nt  ..n 

ni.iik.  t   1-  \ .  lA    niii.li.il.lt  . 
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I-.Xri  KIMINTAI.    PnVSlOI.fXiY. 


(l-.tlurisatioii    must    lie    in.iintaimd.    otlurwisc    tlu-   animal    might 
suH\r  pain.     \\'hy:'i 

Wliilf  maintaining  tin-  artifici.il  R-spiration  tlu'  sciatic  and 
\auu>  lUTVCs  arc  stimu'atid  as  licforc.  What  cimchi^ions  can  be 
drawn   from  the  results.'' 

Tlu'  effect  of  as[}hy.\i(t  on  the  arterial  Mood  pre>suri'  is  then 
stiidi»'il,  the  ,i>i)hyxia  heini;  induced  1)\-  susi)iiidini;  the  artificial 
resi)ir<ition.  How  do  the  results  compare  with  thosi'  observed 
during  asplnxia  with  the  \agi  iiitact;'  Afttr  the  blood  pressure 
has  tinalK  l.ilien  to  zero  the  thora.x  is  opened  and  the  heart  ex- 
aminid.  I'.xtreme  \enous  engor^enunt  is  obsir\i<l.  Note  the 
beha\iour  of  the  heart  when  the  engorgement  is  relii\<(i  b\-  punc- 
turing the  right  \entricU'.  What  conclusions  do  the  obser\ations 
warrant  .■' 


CHAPTHR    XXVI, 


The   Direct   Demonstration   of  Vasoconstrictor  Fibres   by 
the  Plethysmographic  Method. 

Demonstration  2.  -The-  ahdnnu-n  is  opcud  in   an  ttluri>r.l. 
tracluotomisccl  (leg  and   the  intestines  retracted   to  tin-  left   -ide 
under  towels  wnuiR  out  in  warm  saline  solution.    THl-  great  splatu  h- 
„ir  nerve  is  isolated  and  a  ligature  placed  around  it  on  the  right 
-ide  fsee  p.  7f,t.    The  right  kidney  is  freed  from  its  bed  and  the  tolds 
.,t  peritouiH.m  running  to  its  upin-r  end  are  cut  after  applymg  m.iss 
li..  itures      The  pedicle  is  carefully  freed  by  blunt  dissection  .uid 
die  plexus  of  nerves  isolated  from  it  and  a  ligature  placed  around 
ih.ni      An  oncometer,  with  cotton  wool  well  mixe«i  with  vaseline 
'  n.l  in  the  groove  for  the  petiide,  is  then  placed  under  the  v.scus 
,nd  more  cotton  and  vaseline  place,l  in  the  groove  until  this  is 
nil,.,!  (without  anv  compression  of  the  vein  or  ureter)  after  which  the 
la.s  lid  is  applied  and  damped  down.    (There  must  U-  n<.  strain  or 
kinking  of  the  vessds  during  the  manipulation).    The  side  tuln-  o 
,lu.  apparatus  is  f^nallv  connected  by  moderately    thick    walled 
uibing  with  a  iKllows  recorder,  the  writing  .tyle  of  which  is  accur- 
u.lv  adjusted  in  the  same  perpendicular  with  the  writing  sty  e  of 
.  mercurv  manometir  connected  with  the  carotid  artery-.     :\  re- 
-piratory 'tracing  should  also  be  taken.    On  a  m.Kierately   ast  drum 
nacings  are  taken  to  show  the  relationship  of  the  oscillations  of 
,lu-  oncograph  to  the  arterial  and  respiratory  tracings.     (What  is 

:he  relationship?)  .  , 

The  effect  produ.ed   on   the  kidney  volume  and   the  arterial 

!,1o,h1  pressure  is  then  observed:  (1)  during   (electrical)  stimulation 

.1  the  vagus  in  the  neck:  (2)  during  stimulation  of  the  great  splanch- 

,:,.  nerve  on  the  right  side  (Fig.  01).  and  (3)  during  stimulation  of 

he  renal  nerves.     How  <lo  you  interpret  the  results?     Why  is  the 

rterial  bloml  pressure  essential  in  the  interpretation? 

A  small  amount  of  physiological  saline  containing  l-^O^m 
Mui.aiin  chloride  is  now  injected  into  the  femoral  vein.  What 
uiulusions  do  you  draw  from  the  result? 
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I'.VriRINfl  \TAI,    I'llVslol  ()(,v 


(  iir.irc  is  iiijcrtcd  into  tlu-  finior.il  \(in  until  tlu'  n  spiratioii- 
«■<  .isi'  (stT  p.  is:-!).  Asplnxia  is  allrmtd  to  suihtvcih'  \,y  susjxTi(iit)^ 
the  artificial  rispiratioii  ( Fi^j.  (i2),  l.ut  this  is  n-tstal)Iis!H(!  UvUnv 
tlu'  final  fall  in  lilood  prcssiirf  si-ts  in.  What  cv  idfiici'  does  thr  rtsiilt 
fnrnish  rfmccrnini;  thi'  cause  of  the  asphyxi.il  rise  in  lilood  prcssure.' 
ill  satisfactory  curare  is  not  a\-.iilalile,  the  asi)hyxi.i  nia\  I>e  in- 
<lu(i'd  \>\  clamping  the  trachea.  The  results  are.  ho\ve\er,  less 
clear  liecause  of  the  rispiratory  con\  iilsions i. 

i-inalK-,  till'  riiial  niT\es  are  cut.  and,  the  immediate  etfect  on 
the  kidne\-  \ohinU'  having  been  oliservcd  and  explain«'d,  se\cral  of 
the  lf)r(.uoinj;  ex]HTinuiits  are  repeated.  Hctw  rlo  you  explain  the 
ailiralions  in  tlii'  results? 

I  he  .uiima'  is  killid  l>y  haemorrhage  while  the  \arious  tracin^js 
an   lieinj;  taken. 

In  one  or  other  of  these  demonstrations  the  oi)portMin't\-  mav 

pre  sent  it^iij  of  attemi)tini.;  the  resuscitation  of  the  animal  by 
intra-arterial  transfusion  with  epinephrin.     To  effect   this 

a  (  annula,  inserted  in  the  central  I'lid  of  the  carotid  nrtir\-,  is  con- 
iKtted  with  a  huri'tte  coiitainin^i  warm  is(itonic  saline  solution, 
\vhi(  h  is  allowed  to  (low  into  the  artery.  Artificial  resi)iration  is 
also  pirformtd  and  after  .seme  saline  has  transfused  a  few  cubic 
cenlimetris  of  adrtnalin  chloride  is  injected  into  the  tubin^^  which 
connects  the  artery  with  the  burette  and  the  thorax  is  vigorously 
massaged  over  the  region  of  the  heart.  In  a  successful  experiment 
ilie  blood  prissure,  recorded  from  the  carotid  on  the  opp(  site  side 
to  that  t!irouj:h  which  transfusion  is  being  made,  will  be  observed 
to  rise,  at  hrst  passi\ely  because  of  the  thoracic  movements,  and 
later  because  f>f  resumption  of  the  heart  beats.  Once  these  ha\e 
st.irted  the  blood  pressure  c|uickly  recovers  and  the  cardiac  massage 
ma\  be  suspended.  Kxplain  the  mechanism  of  the  resuscitation 
and  particularly  how  the  efjinephrin  acts.  Would  intravenous 
traiistusioii  be  of  an\-  a\ail  in  attempting  the  resuscitation  after 
complete  stopp.ige  of  the  heart  beat? 
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CHAPTHR  XXVII. 


PERFUSION  OF  THE  EXCISED  MAMMALIAN  HEART. 

It  a  solution  containing'  rcrtain  of  tlu'  inorganic  coiistitutnts 
•t  l)loo(l  plasma  and  satiir.Ut'd  with  o\\^iii  t;as  Ik-  iHTt'nM<l  under 
1   certain   prissnrc  tliroii^h   tin-  coronary     arteries,    the  luart   will 

i'eat  with  |)erfect  ri-i;nlarity  tor  sevi-r.il  hours  oiitsiile  the  l.od\-. 
1  his  sur\i\inj,;  he.irt  pre|)aration  is  particularly  iiseliil  for  iiuestiKa- 

'ion>  of  the  inlliience  on  the  heart  of  variations  in  the  saline  cori- 
liluentsot  the  nutrient  tluid.uid  of  thctfect  of  driii;s.  The  nutrient 
Iiiid  is  caused  to  circulate  throuj;h  tlie  coronary  .irteries  l>v  inlro- 
iiicinK'  it  into  tin-  aorta,  where  it  closes  the  seniilun.ir  \.il\(s  a\u\ 

-  torred  into  the  openinj^s  of  these  arteries.  The  oliser\ation  aUo 
lenionstrates     most     com  incini^Iy     the     remarkalile     recuperative 

•"iwer  of  till'  heart,  and  it  at'fords  e\idenc»'  that  resus(  it.iiion 
iKthods  should  he  persist'^nlly  ai)plied  aftiT  drowning  accidents 
ind  when  (k'ath  has  occurred  from  other  forms  of  sutfoc.ition. 

I  he  inn-i  ii)ii\rnli-m  ,i|i|Mr,iiu-'  to  u>i-  i~  th.it  (|i|ii(  ucl  in  lit;.  (>;{.      rill-  ptr- 

i-Miii  lluiil  '  l<iii.;fr-l.ii<k(V  or  'l\r(Klt'~     i-^  ( Dtit.iiini!  in  llu-  l.nltli- A.  .iml  it   is 

..pt   ronsi.inlly  -,il  uralnl   willi    pure  uxyucn   i)\    l)ul>l>linK  ttu-   t;,i>  thnniKh    it. 

I  111-  lliiid  tlun  p.is>c>  Id  tiic  i  .inmil.i  in  tiic  .inrta  tliniuKti  .i  sv.irniin^;  il<\  k  i-  uliit  ii 
■  iisi>t>  of  a  wide  tul)C  siirroiiiiclti'  ">\  a  water  jai  ki  t  ktpl  at  t  lie  lioiriil  l(in|Hra- 
irc  iiy  a  t!arnio-,iphon  -s-li m,  a-  -^llo^^n  in  itic  (liav;raiii.      In  ordir  that    tin- 

:uhI  may  Ih>  tlioroiiulilv  warmed  it  i>  (aa-tcl  lo  llow  in  a  thin  tilni  on  the  wall-  of 
he  tiihe  (Hi  l)y  placinv;  in  I  hi-  a  -omewhat  -mailer  tiihe  (Cl  dosed  at  lioth  en<l-. 
\lihuu^;li  it  iM-on\enient  lo  n-e  an  apparalu-  in  uliii  li  the  free  end  of  tile  i  aiimiia 

-  vTound  on  it-  outer  surface  -o  a-  to  lit  lie-  lower  end  of  iln-  inner  IuIh-  of  I  tie 
varmer-  an  apparat  ii- de\  i-ed  |.\  I  lie  iaie  I.  (  ..  lUodii-  I  lie  simpler  apparat  lis 
•  \ised   l)\-   (  iiinn,   wliicii   is  also  shown   in   liie   ti^'ure,  i-   |Krfeetlv  sal  i-lac  lorv. 

II  Hr(Mlie's  apparalu-  a  tliemiometer  I' ^  i-  in-erteil  mto  the  aortie  (anmila 
!iroii).;h  a  side  tulx-;  in  (  .iinn'-  apparalu-  '.lie  therinonu  ler  i-  niaile  to  -er\e  a-  llie 

iier  Iiilie  ol  the  Warmer. 

■file  llearl  is  prepared  for  inrfu-ion  as  follow-:  .\  r.il.hit  is  killed  \<\  a  blow 
:  the  tiack  of  llie  liead  and  i-  immediately  l.iid  -u|iine  on  ttu-  laMe.  .\  loii^i- 
dmal  incision  is  ni.ide  through  the  -kin  ot  the  thorax,  extending;  for  .i  -liort 
-:.in(  (•  on  llie  alMJonien.  Tlie  -kin  i-  retr.Kted  to  l.oili  sicles  of  th,.  ini  ision 
id  the  alidomen  o|H-ned  at  its  upiK-r  end.  ( )ne  lil.idc  ol  ,i  stoiil  p.iir  of  -<  i—or- 
then  p.issed  through  the  ili.iphraj;tii  under  (hi-  r.irlilajes  e-f  !  h.v  r:!.—.  :::'.  i-.-.M-  ,:.!: 
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I'l   Kl  !   ^|(l\     ol       nil       M  \\,M\|   I  \N     111    \KI. 


I'M 


IH      III'. 


tPrl  the-.-  ,in  (  III  Ironi  1..  !,,«  ii|,«,,r,|-,  cm-  U  iiv^  t.ikc  ii  t..  kici,  thr  |.I.i,|,  .,«,,  \ 
'1..III  llu-  lir.iii  .111,1  Inii^^  I  li.  (.iilil.i^,  -.,r.  -miil.irU  ,  iii  ..ii  llir,,|li,  ,  M.|r,,|  ili.- 
-''  "iiii'i.  I  lir  i-i.|,,i.  ,|  |,i,  ,  ,■  ,.(  M.  iinini  i-  l.i  nl  ii|iw.,r,|-  .iii.l  ,  iii  .„  ,,,.-  n  tin- 
"I'l"  '^'  'I'l  11"  <A|M.-..|  [H  M.  .ir.liiiiii  i~  |.i.  k..|  ii|,  «itli  .,  !.,!,  ,  |„  ,in.|  .,]..  iir.l  Willi 
'""■  -'  i--"r-.  .il'"  «liii  Ii  till  ,1,11.1  il  1-  |,|,„  .  .1  ,„,  till  Ii  II  M.I,  .  -.,  ,,,  I,,  ,A|H,-,  ,|„. 
^-Itii.  Iiiri-.il  ih.r.Mil  ,,l  111,    ,1^1,1  1,1,,^         ihi>.-,,i,-,  ,11  III, ,,1,^1,  ,,n,|  i  h,    ,,,„  ,  .,t  „„i 

-  M  !-    Ill  .1  on    llll-  ,,lli,-,    .|,|r  I  hr  .,.,rl.l    IIIIIM    11. -W    I..-   ni.l.ll-  I. Ill    .111,1   ,  ,11    ,„  i,„, 

1 1 -I  |.i..\ini.il  to  wli.ii  II,  |ii.|  1,1,111,  I,  ill.'  Ill  11,  ,1,1 1 II. 1 1. ■  I  1, 11 II  ■-,, II,  .ill.  r  will.  I,  llll' 
■"I"  ""r  ^'  'I'l  '  'i^''  1-  '  II'    I  -lii'it  ,|i-.|,iii.  ,    It. .11,  ihi'  ,1,1,1.  1.'        A  -iiip  !-  ,,,.,. Il    111  ,1,1' 

ii."  \  ..I  llll'  iii;lil  \.  mil.  1,  ,  iiMiu  'I  -Ml. ill  -h  ii|,  |«.,nli,|  -.  I",,,,  l,„  il,.  |„ir|..,-.  ; 
llll-  .-  I,,  iMiiini  ,,t  Ir.r  ,',i  ..,,.  ,,|  ,1,.'  |1,,„|  |,,,„|  |M  rlii-iiu  lli-'  li-.m  1  iiiilK  .1 
tlir.'.i  il  .,11.11  li.'il  t,,.,  |,,|,  kiin,,  11,,  ,11,.  ,,  ,ii„.ii,.,|  |„  |l„.  mil  11,, r  w  11.1  ,  .u.,,  ,i,i,|  ,  ,,,,- 
•i..n-l\  yii,i|..|  ii|,\s,,i,|>  M,  lli.it  11  I'll,,. 1^1,  tr.Mii  ill,'  -ii|«'rii.r  mii.i  ..i\.i  |  h.- 
'"'"•■  I-  ii'i'liri'.i.li'.l.  ..II. I  Ihr  llu.'.,. I  n.'.l  ,11  .,  I,,,,,,  ill,,  ihn.i.l  1,  m,  i,„|ii,  .  ,| 
:■'  -I  i\i  .1-  .1  cuiili'  ui  ill.'  \.  11.11'  ,  .i\.ii'  mil,  will,  h  l.ii.'i  ,1  ml,.'  i,  1,,  |„  ,ii„  n.-.j 
.III  I-  r.  ,ii(,\i',|,  l.v  ,  ;iiimi;  tin  iiiLri,,!  \.  ii.i  ,  .,\.,  I„  low  tin  ilir,  .i,|,  .nnl 
'I  111  .1  .li-h  lont, 1,11,11^  ..,1,1  l..,.ki'-  -oliii„,ii  Am  1,|,„„|  i. m.imm^  m  ,|„. 
::,ht  .11111.  li'  ,111. 1  \.  iiiri.  1.'  i-  i  li.n  w.i-li.'.|  oiii  \,\  ml  1 , .,  1 1„  ,1,.^  I  ,„  k.''-  -,,|,|ti,,„ 
•:oiii   .1   l.ir'^.'   pi|,.tli    ili,,,ii-li   till'   -ii|.i'ii,„    Mil,,   ,.,\.,        111..   ,|,.,,,,1   ,,mii,il.,    1, 

■'"    '"'l   i'l'"   'I"    'i'"'.!.   '.i"'   Ixi'iu   i.ikiii    ill. 11    no   .11,    I, 111, Ml-  ,,,i'   .iiir.i|,i,i',|. 

I  III-  jMrl  ot  ih.'  I,  ,  lm,.|ii,'  1-  ,11, ,r.'  ,  ,,iu  iiiii  111  K    p.  rli.i  iin,!  with  HomIh  '-   i;,;,  ,1.1 
•1-  ill. in  Willi  <.imi,'-,  I, ,11   II   i,  ,„rli,il\    -mi|,l,'  u^m^  il,,'  Lm,.,         A  I..  111    pin 

o,,k  I-  |,,,-.',|  tlir,,ii,.:li  til,' out  ir  ,  o,,,  .,1  ||„'  richi  M'titru  li-  .iinl  ,1  t  hn  .,,1  .iit.u  |i,',| 
■■■  It    I-  I, lint. I  oMr  ,1   piilli'N    to  .1  li.'.iri    i.  v.'i   ,irr.mi;>-.l  lo  'mh.'  ..n  .,  .Iriuu,      .\ 

)iiiil.ii   hook  .111. 1  tlirc.i.l  iii.i\  ,i|m,  Im'  ,111.1,  11,  ,1  p,  llll    .iiiri.  I.'  ..,  i|i.,i  -.nuili.in,.,,,,, 

'I.  II!.-  .•!  .HUH  li  ,111,1  \,iiiri,  1..  11, .n  I,,,  t.ik.n  In  01,  In  p,  ~t.'.i,K  ih,'  h,,,,,  11  1. 
H.  11  lo  p.i—  ,1  l'ir.',i,|  lliroii^h  ;lii'  .,\>r\  ol  ihr  1,11  \,iitri,  I.'  .,n.|  n,'  ,1  |,.  |,,w  ,,,  ,, 
.  '  t--  r,„l  li\.',|  lo  ,1  . 1, 111, I 

Demonstration  3.      n,i\  ini;  s.cunil  ,i  tr.i.ln^  (,f  th,'  h.-.trt  .md 
"llll  thf  tfmptr.tlnrf  nt  tin-  pt  tlii>i"iii  tliiid.  ilu-  lolluwiii^  <.l)Sfr\.i- 
'  '"II--  max   'Hiw   Ik-  iii,i(k-: 

1.  riif  iiitliiciicc  (it  clLiMi^iiit;  till'  limprratiirc  i,\  the  p«rtiKi..n 
uid.  I'lii-  vAt\  JHst  !);•  doiu-  liy  .iddiiit;  Imt  or  (i,ld  w.itir  In  tin- 
■■ppcr  \i>sp|  coniKcti-d  with  tin-  water  jaikrt. 

2.  Tin-  iiitlinnci- ot  tile  Idtal  appliiatioii  ol  tuat  and  cold  in  th,- 
.;lit   aiiriclf.     'l"o  demonstrate  llii>,  pa--,  a   thin-walled  >.;l,;s-.  IiiIk- 

'iroiit;h  the  -nperior  and  inferior  \enae  (.i\,ie  ii-iii^  a^  ,i  i;uide  the 

run;  i)ri'\  ion-K  pla(  ed  in  llie  \e>-el-.      I'iie  upper  end  ot  thi-  tube 

<onne(ted  li\  nililier  tnhinv;  with  a  tunnel.  an<l  either  coM  or  hot 

Iter  i>   madi-   to  flow   throiii^h   it   while  a   tr,i(  iiit;  of   the  lieat    is 

■;;:■.;    ;  li  :  irJ.eti.        J  ru     tv  nijn  raliHe   o!    ;iie   peiiu^ion    iiuHJ    i>   meail- 

hile  kept  exactly  con-t.iut   'cf.  "^herrin^jlon   . 

;V   The  etfect    pnxhiced  on   the   iieat   l)\    in(  rea>iiiK   the   relative 

.'ro[)ortion    ot    tlie   calcium   or   pota»ium    in    the    iMrfu>ion    tluid. 


I'.t'J 
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Tlii^  i-  \tr\-  ( (>M\  (  iiit  iitl\  .H  ( iimpli>li(il  in  tlir  Mr<»lif  af)p;ir.itii 
l»y  I  Insinv;  niic  ol  tile  -^idc  liihts  (Ui  the  iiitlnw  tulif  Ic.nlin^  to  tli' 
upiK  r  nid  <i|  llic  w.irimr  uilli  nililur  tiilnni;  thron^li  tlu'  \s.ill  c 

ulliill    i-    ills(|l((|    tlir    ritrdlc    III    .1    sm.lll    li\  Ix.ilcrillir    --N  rill^c    (III! 

I.iiiiiiii;  the  >-iiliiiiiiii.  lor  Tiinrc  i  c  iiit  iiiiii  mi-^  .iilililinn  nt  Ljicitt  i 
(liliit  ion--  (i|  ill,  lorri^ii  miImI  ion  i  In-  --iilr  t  iilif  iii,i\  Ik-  (  m  meet  id  u  ill 
.1  liiiniii'  III  I  .iiiiir-"  .iiijp.ir.itii--  ,1  N  tiilir  i^  prux  iil<<l  tor  tlir>i 
<i|)(  i.it  ion-  H\  ilin-  injiiliiiiL;  tlir  tiini;^ii  -Mihitinii  ,it  .t  di-taiui 
tiiiin  iIk  111. ill  It  i-  iniM  d  I  In  in  iiij^liK  with  llic  iHihi>iiiii  lliiid  .inii 
i^  |)iii|ni  l\  \\,ii  111!  d  Ik  till (  iht  III  ,11 1  i-  n  ,niii  d.  (  llix  r\  .itiuii-,  ^Inmld 
he  lli.idc  ii~iiiu  til-I  111  .ill  1  ii  \s  11  III  ,1  r,  sij|iiii,,n  111  <  alciimi 
(lili.iidi  .      \\  Ik  II   till    Immi   lniiiiiK-,  \ri\   -111. ill  .iiid  till-  \«nliiilc  i- 

.ll  nil  -I  111  I  .ill  I II  III  I  li;i  i|  -(I  1 1.  .")7  in  |ri  I  .1  It  \\  I  I  III  .1  I  '  ,  --I  lint  II  111  III 
l\<    I.        Il    lilt    lie, It   dm-  lliil    lniiiMlf  n-tnird    tn  tllC  llnrill.ll   ill   .1   llW 

tniiiiiti-  iif  Ml,  iiijiit  .1  liiilc  iiiiiir  ls(  I  Mihitiiiii.  Tlitii  .idd  -till 
inmr  K(  I  until  tin-  lu.irt  .luaiii  aliiiii>t  ciniKs  to  ,i  st,iiid>till  in 
di,i-lii|c.  |i.  ,")"  ,  wlicii  it  in,i\'  .iv;ain  In-  n-ti'trd  liv  iiijiiliiii;  (  .il  I 
Miliit  imi*  It  i^.  Ill  ( I  iiiisf,  r\  idciit  ill, it  this  iil)Mr\Mtioti  dots  nd 
in  ii-'cll  |irii\f  til, It  the  two  (Mtliimis  ,irf  iiiiiliialK"  .inla.uoni^tic  In 
cai  11  ntlur.  I'll  prii\f  lliis  it  wmild  In-  nci  (--.iry  to  >liii\\  ili.ii 
witliiiiit  till',  ditiuii  111  llic  ,int,ii;iini>tir  ( Mtliiiiii  tin-  licit  is  imii  h 
nil  HI-  -Il  lU  ly  n>tiirt  d. 

1.  I  he  illirt  III  ,ilti  i.it  il  in  III  tile  ll-iiii;  ciiiircntr.ilion  of  the 
pcrtii-inii  llnid.  '^lli^  i>  dniir  liy  c.iiit  imi-h  .iddini;,  liv  tin-  aboxi 
prmrdiirc,  O.'.i  jK-r  rcni.  snliilion  ol  .\.i(  1  ( oiiKiininiL;  litlitr  soiiu- 
IK'I  or  simir  NaOll. 

■"•.  Tile  ithtt  III  ipinciihiiii.  I  or  tliis  pnrposc  .ilioiit  1  r.r.  of  .1 
O.ddL'  piT  tint.  Milntion  of  .idn  n.iliii  chloride  solution  should  i;i\f 
(Utmilr  icsiills. 

•  i.  I  In-  tllci'i  ])roihirid  \<y  .ii)i)Kini;  .1  trl.inisini;  I'lcctric  ciirrtiit 
to  till  Miilriilr.  WhtiuMT  till'  lilirilLilion  Ikcoiiu'S  marked  dis- 
rnntuiiic  the  >t iiinil.it ii m  and  ;-rr  win  ihrr  tlir  norm.il  ln'at  Ixcomi- 
n>|iiird  li\  runtimiini;  the  pt  rtu-ion.  (  )|i>tr\f  carcfiilK'  the  lu- 
ll,i\  ioiif  ol   the  aiirii  k  s. 

It  i>  usually  lu-cessary  to  ciniiloy  more  tli.iii  one  lu-art  for  al 
ol  llu-  alio\t-  olisir\  .itioiis.  Soiiu-liuu  s,  houi-\tr,  all  can  he  doin 
on  one  priparation. 

*h  i>  nut  |i(i>>ililf  til  >tati-  |irriis(l\  wli.il  amount  of  the  two  Mjlutiims  shoiil- 
1.1  u-iil,  Ixi.niM'  llii-  \m1I  \,ir\  with  tlu-  r.iu-  1  it  ihi-  iii.iin  iii-rfii>i;in.  It  may  t" 
III  ri-~~.ir\  til  I  ('1 11. It  ihr  olistT\.ii  illIl^  m  M-r.ii  tinii-s  jicloro  thi-  i-tTt-cts  an  iililaini  li 


^^u^^^^^^^j^^^ 


^.HAI'll.K    XWIII, 


MEASUREMENT  OF  THE  BLOOD  FLOW  THROUGH  THE 
HANDS    AND    FEET     BY    THE    CALORIMETRIC 
METJIOD  OF  G.   N.  STEWART 

I'li.lllv,'    (,t     tilt  Ir    ii  l.lli\  rl\-    .;l>    It    ( Apii-iil    -lilt, 111-    tin-    ll.linls. 

ml  til  .1  |(  s,i  I  ilt-iif  tilt-  fret,  (|iii(  1<I\  i;i\c  fill'  licit  \i>  lliiir  (  ii- 
\  ir(  iimic'iit  rin  \'  ,irt'  t  Mclli  nt  r.idi.itMr-.  jlif  iiiii-.(  |i  -  i^l  tli(-.c 
p.irt-  ulifu  .It  iMit((t  n-t,  {  niit  I  ilmlr  iuit  .1  \  i  r\-  Mil, ill  <|iiiit.i  t<i 
•lii-i  lnMt,  iiii'>t  nt  \vlii(li  tlicn  lure  i-  i-.irritd  to  tluiii  1)\  tin  MikmI 
'tiiiii  I  it  111  r  jLirt-  III  tin-  liii(|\  .  In '111  tin  -<•  ( c  iii-i(l<iMti(  iii>  it  Inllnu  - 
tli.it  tin  .iiinuint  (if  licit  :^i\rii  (lilt  in  ,1  ^i^(■|I  tunc  iiiii-t  1"  pic- 
•ii.itiiiii.il  to  the  .mioiint  (if  lildi'd  tlnw,  nr  i  \iir<---((l  in  ipnci-c 
'1  rill-:    the   .miDiiiit    (if   lii.it    '^ivcii   <ill    in    t.ildiits,   (li\i(|((l    li\'    the 

litftrtiHC  in   t(  iiipi  iMliin-  IkUmcii   the  Mdcd  ildwint;  to  .md  .i\\,i\' 

Tdiii  the  p.irt  I  i|ii.il-  :lic  \  dliiiiii-  ll(  lU  dthlddd  ill  (ill  lie  I'tii  timet  res.* 

If  <.»  In-  tile  :^i.ininit>  (if  lilddd  |i(  r  niiimlc,  II  tlic  ^t.\u\    ( .ildrics 

II  111  miniiU-   'I"  tlif  t(  1111)1  r.itiirf  dl  the  lildd(|  tntiriiii.;  tlir  Ii.iiid  and 

I"  tli.it  df  thf  lilddd  \a\  iiiv;  it.  .S  luiii'.^  the  -ju  ( itic  liiMt  dl  lilodd  tlicn  : 

n        I 

111  I  -  1  1    s 

Tlif   c.ildrlcs   arc    nici^nrtd    li\    |)l.i(  iiiv;    tlic    li.iiid    in    .1    u.itt-r 

ildiinictcr;  the  teiiiiieratiire  of  the  i  iiterinu  Modd  m.iy  lie  t.ikeii, 

I-   th.it    under   the   toniiiiet   aivl    the    tempi  rature   (if    the   lea\in^ 

'Idod  T',  ,is  the  mcin   temper.itiire  df  the  (Mloriineter  diirini.;   the 

'  >lisiT\'.ition. 

Till-  cilniiiiun  r    -cc  (■  i.^.  tit    1  nil  vi, I,  I, I'  .1  I  in  IK  1 1  imiiT  ( iipiicr  \  (—11  ( .i)i.il.lf 

I  111  ill  I  ill;;  Miiiuwli.il  (iMi  .KMH)  1   1    nf  \\,iii  i".      i  hi-  M  s,i-'i  i-  |i|.iic(|  within  .1  wilier 

i—el,  the  >|i.i(c  JKlwctn  the  Iwn  luiiii;  |'.ii  kcij  with  lirnkcn  mrk.       Id  tin    (i|i»ii 

.plKT  end   (if  the  inner  V(-.-el   is  sdhlcrid  .1  liil   (if  (opiier   with  .1   Imlc  (ill    in   it 

iw.irils  one  siilf  nf  the  ((iilrc  .iml  l,ir;;c  (riiiii;;h  .in'l  ^h.UH'il  -d  ;i>  Ki  .lilnw  the 


'A  >iu.ill  (ir  yr.iiii  c.ilnrii;  i-  the  .iiiKiuiit  (if  hc.it  re(|iiircii  tu  r.iisc  the  1(|ii|ht.i- 
rc  (if  1  ^;iii.  (if  w.ili-r  ihniuiih  1    (  . 

fHiiMii-i-  iif  I  !;r  li.iliiliiv  I  it  I  111-  Mil  ml  h  'i  iiiiK  r.it  iiri'  In  v  .iry,  it  i-  inure  .t  re  lira  If 
•  t.ike  ftir  T  the  r((tal  temi'cr.it  urc  lc^-  II..")''  (  . 

11)3 
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''•""I    '"    I'-'     -     "•'■•    ll"       V'      -I  \l...lll     .Itl     IIK  ll     I,.S..I1.|     ill.      ..Ui-    ><\     Itll-    llnlr 

Mrip<.(  i<.|.|,.  t.  .,l...,ii   I  in.  ll  tt,  1.  .  1,  „.|,|..|,-.|  .,1  riKhi  .ni^l.s  t..  ili.   li,|.      II.  m.|. 

1 1"    Imii.I  li..|.  ,  .,ti,i  ,,1,  ill,    ,,|,,,.„ii,    ,,,1,    ,,t  ih.    ..  nil.  .  lliM  .    -iii.iil  .  ir.  i.l.it   li..|. 

.irr  in.iili-  in  I  In  li.|  i  .n  |i  .iImhiI  ".n.  in.  Ii  , 
ijiiinii-lir  .III. I  |.i..\i.|,.i  Willi  ,  ...|,|„ 
I  III"  "if  -mill. II  .l.iihi  ll  I ,  |.tii|'  •  I  Hu  III 
».ii'l.  \  pn  1  I  I.I  Ill-Ill. ll  111^  I  .11  k  1-1  III  - 
.1*  I"  l"i  III   ,1    li.|    III  ^1    I  ii..ii^li    I.,   Ill    1 1 

i.llti  I    \  I  --I  1.  .m.l    lii.li  -    .lie   Ml. I'll'    III   II     I 

ll'    '111    iiiU-   p. nil. I   ilic   u|  «-inin:«  111  ll 

'  "ll''  '  li'i  "I  '  1"   mil.  1  \ '  --'  1      .\".  I  liiliii. 

'  Ii.      '  "1  k    I  ..M   I     111    {il.ii  ,   .    ll     1-   I  |.\  1   n  .1     \MI  i, 

'>.iiiii-li  I  ll'  ill"  '  -111, ill  hill.  -  III  n-i  .1, 
"III  "I  I  ll.  Ill  !■  ii  ,1  I  ll.  I  in. Mill  I'l.  iinl  I  h. 
"I  ll'  I  -      l"i     !■  '11^     I.   ll  ll.  i«     i. .     -I  t\  '•     .1- 

~lin<i-.      .\    |ii I    ilii,  k    -,,.t.ll'  r-    !,  I- 

•-  I  11'  '"  111  ilu  Ii  iiiil  "I-  inii^  in  ill'  lii! 
■^1  ^ '  I'll  1  .ill  ll  -  .  it  I  ll'  -,1111c  til  iiiTi.il  .11. 
■I'-i  i  .  Ill ,  I    :ih  ll  u  ii|.  ,  .iiiil  ..]    \  ,:  I,  ,!i-  -I/.  - 

'"     111      Ull-I-    ..|      ,|ltl I      -1/,   ,.  I  ||,      I,  |. 

Iii|  iii'l  1  "11. It-  I'  -I  "11  ilii  ,  i.pi.i  I  1.  .1^, 
!•'  I  »'  '  11  ill.  ll'  .|i|  "I  .  n,i:^  ,,n.l  lli.  ii.L. 
"'       '  "I   I'l  I  .  A        1  111  I  I!:. .111.  1,1         \M|  ll        ,1 

-.   ll'     uliii  ll   n  .I'l-    1.  I  u.  .  n  11    t        111. I    .'ill 
'        'li\  I.I'  i|    ml"     1    Hull-    I-     -mil.  I.  niK 
.11  I  iii.ii'  ,         l'\       n-iii^     .1       ii  ll  -,  I  .|,.       I  lu- 
ll ii'l  '  ll'  III.     .  .Ill     I  .     1.  .1.1    I. .    1    .".III  ll     ,,r 
I    lnmli  .  I  ,1  .1,  ^1,. 

I'l.  -i.li  -   I  h.    ,  .il,.i  Mill  ll  I .   ,,    l.ii-i.    li.ii  ll 

.i!  Jii  "I  :;ii  111  II  -  .  .iji,i,  lu     j.1,1, 1^1   r.iii 

1- III  1  I --,ii\  .  ll  1- .il-.i  1  uiu  I  nil  III  l.i|i.i\c 
■  111    .l.lin-l.ll.lr    -Ini.l       llki'     .1     11111-1.      -Iinili 

"11    Ullli    |i    I.I  |.1,|,   ,     ill.     ,     |l,,|i|lli   I,    I- 

Demonstration  4.  In  mikt- 
ilic  nil  a-iirtiiit  lit,  (In-  lii~i  -tip 
i-  ti  1  iliMu  .1  liiif  u  itll  ,1  Lit  piiiiil 
I'll  tlic  skill   .It   the  liiwci- liiinlcr  of 

llu'    -txlniil    pni.t>>  (ll     tilt      ulii.i    of 

tlir  Ii.iikI  (li(.-.rn  !iir  nl -trs  .'.lion. 
A  tclt  ((ilj.irdt  pni|)tr  sl/c  i-  ilu-n 
,ij)pli(ii   In  the  wrist  with  it-  jdwtr 

illl|(lir    (I  iin-l  I.  .Ml  liinj      ll.     til..    I.'.!!!    !!     lip.f       .!lll!       1      -::-;iT!;!     !•:■..       !.     .jr. -.■.-!■. 

•  ill  the  -kill  ..pi)ii>itc  til.   iipprr  linnKr  111'  tli.'  i  nll.ir.     'I'lii-  upp.  r  liiif 
will  -CIA.  ,!-  ,1  111  Ilk  til  -Imu  th.it  the  I'  I  111  1  i-  lint  (ii.ini;r(|  in  p<i-ition 


1  I..    !■!      -1.  ■.\  .,!■  .  I  .ili.riiiifi.i 
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im:, 


lull  ill  ilir  .  .ili.i  ill!  IM  rii(  111  II.  I  <<\  t!i<  -iil.il  I  I.  w  li"  1-  -ittmu 
II  .1  1iil;1i  I  li.iii .  I-  I  III  II  |il.ii  I  <1  III  w  .ill  r  ,il  .il"  'Ut  .'.tl  ■!_'  '  i  .  .iit.iiin  i| 
II  till  l.iiui  ImIIi  iln  li  iii|H  r.itiin'  i  ■!  lln-  w.ilit  i-  tiki  ii  lis  ni 
iijiri.itx  lliri  iiioiiuli  I  .iimI  iI  I-  li  II  llii  rt  tnf  tin  iiiiiiuli  -,  i 'i  -n.  m 
vli  1  1 1 1, 1 1  till  -km  ,iiii|  III  III  1  II--IH  -  i-l  till  1 1. 1  ml  I II.  IV.  I"  l.ii.n'slii 
'..   ilii    -.iiiii     tl  111)11  I. il  iiti-   ,1-   llic   w.itii        U\    -"  il'.mu.   I  I  .mill  I' .11 

Ml      I   -l,l|.|l-ll.  li    Uililll    .III      .lll.ll.r^l.ll-    III    till. -I      ullllll     \M'llll|    I  \i-t     il 
'111      I  ill  11, 1 1     \  I   ■■  I  I-    \\  I  I  r    .ill  .111  ■    -II  - 1 II  111  11  1 1    111     till      w  .ill  f    tl  il  It  I  III 

|ilH.-iii-  ii.iiiil  1-  I  i.\  in  il  Willi  ,1  i.'li  i\c.  mt  jil.ii  I  iI  III   till    p.  II  Isi  I .  -II 

lli.ll     il     |il.l\     IM.I     I'lii'llli     ii.i.|ii|    .ill'l     -.  .    I    ill-i      II  ill  \    \  .1-11-1  nil-  It  II 

Ml. II    ill    tin    i.|.-ti\ii|     Ii.iihI.       \\  lull-    ilii     li.iiiil    I-    l.iiiiK    liii.ii-^lii 

.IJHii.Mrit     11  lil|.i  I.ilim  .  o.tHIU  I    .       ..|     u.itil     I-     tillli.Mil     III. Ill 

lllr     lal'^r    I  .illl    .illil     pl.Kiil    ill     tin      I  .ill. I  mil  11  I.    llli      ll.linl     n|M  lllliu 

I   w  liii  11  i-  till  II  1  lii-i  il   li\    till    Illl    I  ill        rill    w.iii  r  1-  111  I  .i-ii.ii.ilK 
•mill  l.\    till    II  .iiliii  -.  till    thii  111.  .nil  trr  i-  pl.ii  i  il  iii  jn  .-it  h  m  .    iiul 
'  hr  II  II  -I  iipc  .nliii-Ii  il   -11  til,  1 1   ,111  I  \.ii  I    n  .nliir,;  nl    tin    li  lU)  n  I  ,ii  in  i 
i\    1 .1-   l.iki  II. 
\\  III  II  till-  till  luiiiiilt-   i-   \\\K  tlic   ll.linl    i-   w  ItlnliMw  II  timii  tin 
'    illi.  till    \ui-l  ijiiiikK    uiiiiil  ili\    with  ,i  Inuil.  iln    Ii.iihI  with  llu 
iiiiufi-  cMiiiiliil   i.inliilK    ii.:--ri|    lliiiiiii;li    till-   ll.linl   iijitiiiiii;    iiitu 
'III-  w.ihr  in  iln-  I  .iliii  iim  II  r,  .mil  I  lit-  -iiliji  i  1   iii-Min  li  il  tn  kit  p  tin 
iiiiciT-  .iIhIih  till  .iinl  (Atcinltil  .iin!  iinl    In  iiiii\r  lliiin.       Ilf  iiiii-l 
l-ii  lie  w.iimil   lint    111  imnli  the  tin  iniumrlir.      Iln    hit   lull.ir  i- 
!  II  111  nuiinl  tin-  w  i  i-t  .iinl  llir  In  I,;  lit  nl  tin   i  ,ili  iriiinti  r  i-  .nljii-li  •! 

..    tll.ll     tin-    -lllijirl    iliir-    lint    nqililr    In    -tr.lill    111-    I  ii  n !  \     ill    unlcl'    111 

Ki  .  p  tin    li.iinl  ill  tlir  i  i  irii  i  t   pii-iiii.ii     nr  with  tin    ujipiT  -kin  Iim- 
,1    ihr  tilc<-  111   tin-  lilt  inllir :. 

Tlir  i.li-i  r\  rr  ■-it-'  on  .1  !ii\\  -iiml  luhiinl    tin-  -iiKji  rt ,  .iinl  h.i\  ini; 
i.itril  tin-  liiiif.  .mil  r-liii'iil  till'  w.iirr  in   ili     i  .ili  n  iiiiiUr,  pnuiriU 

•  .  rtiiiiil  tin-  trmptr.itun-.  Tin-  -tirriii^  i-  in.iiiit.iinnl  thrmmliiMit 
hf  nlisiiA.itii.n.  whiih  l.i-t-  Ht  niiimti-,  .iinl  the  ihirmniiuti  r  i- 
.  .Ill  t\rr\  li  iiiiiiiitc-.  Win  11  linn-  i-  u\<.  thr  li  It  rnll.ir  i-  nnniM  il, 
'Mr  h.mil  (  .int'ullv  willnlr.iwn.  .iini  thr  h.iinl  npiiiiiic  rnvcnil  li\ 
!),.  flit  liil.  it  i-  iiirr— .ir\-  til  iil»il\r  ihr  ti  Illpcr.lt  lirr  ill  thr 
.liiriiiirttr  fur  .i  lurtlur  ptriii<!  nl  10  iniiiutr-,  w  itli  (  nii-l.mt  -tirriii',^, 

,.    ..q     t;.    (!..|(.t-.i!i!w..     lln-    •Vtrllt      In     ullilh     I  i_     j^     In-illV     111. it      til     lllr    .IIF 

!llr  >rlf-(  nnliili;  nf   tllr  (  .llnrilllrtrr  ! . 

'Ihr  vdliimr  nf  thi'  li.tmi   i-  <lt  trrniiiird  1)\   iil.niiiiu;  it,  while  -till 
Urt.  ill  W.ltrr  whii  ll  rntnplrlt  l\    till-  a  lippnl   thi(  k-W  .illnl   luMkrr  nl 


I'td 
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siiil.ililc  -i/c.  Tile  hand  (lis[)Iact  s  an  ((iiial  \.,liiiiic  nf  uatcr,  which 
oMilIdw-  iiitn  a  li.i-in  in  whiih  the  luakir  i-  -laiwliriK.  When  ii. 
iiKUf  uahr  ov.rtlou,,  ili,-  1,,|„,|  j.  ^\,,\\\\  u  iilidraw  ii,  and  watt  i 
i-  aildcd  iK.iii  a  i;radiialc  to  the  luak.r  until  it  i-~  at;,iin  full;  iht 
.inidiinl  (it  watir  r((|iiiicd  :^i\c~  tin    \nlninf  n\   ilic  hand. 

'i'lic  t(in|nr.itun-  <il  tlir  nidiith  .u  intinn  i-  tinaiU  taken  and 
tlic  t.  niptratnif  ot  the  n.-.m,  n  ad  tmin  a  t  h.  iinoniticr  iiaiiKini; 
tnipi  the  (hair  nn   uhi.  h   the  -iilijt  (  i   ^ii-.,  rt  (  oinIi  d. 

'"  ■U'l'l"'  111'  .il'"\'  li.nniil.i  iM  ,,il(ul.,ic  iIk  l.],,,,,]  il,,u  ii  i-  n.,,-,ir\  i.i 
'"'""I"'  '  -'^''.il  I  "Tlr,  linn-  1,,  .,11mu  |,„  ,1,11,  ,,  |„  ,.,  ,„  ,|„,  .|„,,  ,||,  i„,  ,,_  ,,|  ii,^. 
Ii. 111,1  n--u.  ^.  n|  il„-  iii.i.il  ,,t  ill,  .,,l,,iiiii.i,i  ,,i„l  .,1  «.,i,i.  Til, -,-,,, n,,  ii,,n-,ir,- 
•  Al'K-.  .1  ,1-  ill,'  w.il.r  .■,|iii\.,l,  III-  ,,t  111,  hail.!  ,ui(|  i.il.Miin.i,  r,  Ih,-  wal.r 
'■'|i"\''l"i'   '■'■  'li«'  '.clMiiiiHi,,    !-  .1,1,11, Mil,.  I  ,  \|.,Miii,  riialK    l,.r  ,•,„  |i  ,  .ilnrim.l,  r, 

•""'  I'"  "III' "I  lli'.,l".\,-,liii,.n-i,,ii- will  l„-,,l I    Illd,,,  .       lli,u,,I.r  ..|ui\,il(nt 

"I   llir  ImtkI  1-  (,l,iaiiud  i,>    Mihltiphin^  it>  \,,lumi-  l.v  (is,  ihi^,  la,  l,,r  luiiiv;  iji,- 
|Tu,|ii,  1  (,|  ih,   -|,i  ,  III,   ^ra\  in  ami  lli,-  -[.cciri,    h,al  nl  the  IiiikI. 

Sup|.(,>c  in  an  .  \|.<rinuiit  ihal  tin-  t.inp.iai  iir,-  ,,|  il„.  ral(  .rim.  t.r  , luring  an 
<.l.-.r\atiinla~linK  Id  inlniil.  ~  lia.l  ri-.  n  from  :;i  =  (  i,,:il.:.  ( '  an.l  ili..  M-lf-.  ,),,lin,i; 
"I  llir  <.il.'iiiiirl,i  (luring  ili,  -ill.-,  ,|,i,  nl  ID  ininiil,-  ua-  (I  1  (',  lli,.  nuMilli 
"  i"l'"''"ii"    '"HIn  '■>'■'>    ^  ■  .'ii'l  ill''  \"iiiin,-  ,,l   th,-  lian.l    ir.O  ,  ,,  .,  ilu'n   Mi-pKiiii; 


I  In   alii  i\  ,■  I  i|iial  Inn 

:;(inii  -  inn  .  :;i;n  , 
<) 


I).".  •  (11     ("       lo' 


■  ;-  -      ■'|..-t  ~     ,       -  •!''""r  in  1  iiiiiiiil.aiiil  [.,1  KHIc  c. 

'I  lu'  niia>nr(  nunt  -lidiild  imw  l.e  ninatrd  nndir  thi    tullowiP!,,' 
cimditinns: 

1.   When    the   (ippohin-    hand,    in-ti  ad    .if   I.cin.t;   cminlK     pro- 
ttrlid   Inmi  ......Imii;,   is  plated    in  eld   wattr.      A  niarkt.l   inrtail- 

imiit  (if  1.1. ..id  tl..w,  tint-  1.1  nllt  \  vax.-t  ..n-trii  ti..n,  will  Ik- ..l.MTvt-d. 
1  Ins  ..i.MT\ati<.n  may  l.c  nia.lc  in  f.mtiiuiati.iii  <.l"  tin-  pR\  it.ns  oni-, 
n'.,  till'  un.ihstTM.i  hand  kti)t  (..xtrttl  i'.ir  U)  niinntis  an.i  thin 
plari'd  in  n.ld  water  lor  the  next  10  miiuiti's.  It  is  i)articiilar!y 
important  in  thi'st- oliservaf  ions  to  read  the  laiorimeter  temper.itiire 
at  Iretjnent  intir\als,  JHcuise  th.'  \  aso-c.nstrietion  that  is  im- 
mediately induied  gives  plaee  later  to  a  dilatation,  even  uliile 
the  opposite  hand  is  still  in  ihe  cold  water.  The  l)l..od-ll.,w  result 
for  each  two  minutes  shonld  he  plotted  on  c. ordinate  pai)er  to 
show  this  phenomenon. 

2.   After  the  hand  antl  arm  h.ue  been   used   to  i)erform  work, 
?nc.i  a-^  <iiimi)  i)e!!  ewrcise,  until  alniosr  fatiguetl. 
•  riii^  is  tilt'  It.  ipr.i.  .il  .if  the  s|H<i(i.'  licit  .if  I.I. >.,.]. 

fThi-  i- llif   intan    ttinp.Tai  ii,..    in    tin-  ,  al..riiii.t.r   .hiriii«    tin-   .,l.st'rvatii)n 
^     ,  i:it'..!tl 

«.!   till'   li.in.l  ^  S  ■_'  em- 

110X4. -.1  ^ 
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LYMPH  FORMATION. 

Demonstration  5.     A  \av^v  <1i'i:  i-  ui\( n  ,i  hk  .il  i  iini.iiiiini;  .m 

■  \i  (•->  III   t'.il     l.mli  -(Vfi.il  !iiMii~  |itiiir  til  llir  I  Api  rinitiit .     Attn' 

.ii.ii-.tlirti--inL:  w  iili  iiKuphinr  .mil  i  tlur  .iml  iii-cniiv^  tr.u  lic.il  .iiul 

iintii;  (   inmilu    llir  tin  n'.icic  diK  t   i-  t\i>ii-iii  ,i-  it   <  iiicr^  the  Ktt 

-iiImI.i\  i.iii  \(iii  .It   till-  iiiiii  111  the  iu(  k       Tlii--  mx  iMtimi  i>  r.itlur 

littu  lilt  .iiul  >hiiiil<l  lie  pel  tniiiuij   .1-    ti  illi  lU  -  :  .il  ttr  cxtiiHliii^    tlu' 

■nri-iiin  tliri>ii!L;li  -kin  .iml  -iiIm  iu.iik mi^  ti^-iir  dnwii  tn  tlu-  >ttrii.ii 

iMi(li,  tile  ■-Icrnii  m,i-tiiiil  .iiid  >ttrni>  h\iiiil  iiiiim  K  >  .iit  nit  .i-  lnw 

inwii  ,1-       i~~il)K-  <m  tile  left  sidr  .iiid  rrtlictrd  iipw.irds.      llif  i\- 

't-ni.il   jiii;ul<ir   \tiii    "-■    thru    tdlJDurd    duwiiuard    till    it    juiii-^    tlir 

-iihcl.u  i.in,  wliiih  i>  Ir.icrd  i!i\vard>  tn  it-^  imiun  with  tin-  iiitmi.d 

■iiLii.l.ir      In  t!u'  lurk  <it  die  uiiinii  ul  tlu -»■  two  \tiiis  the  tlmrarir 

liict   i>  Miii^ht   for  Iiy  mtv  carrtul  dissti  tion   'mc   IIil;.  t')")i,  ^riat 

'  ,iri'   liciiiiL;  cxcrci-fd   xi   a-   not    to   wiuiiid    tin-   pUura   which    lies 

minu'diatilx-  hiiuath  thf  win.     jii-l   hclinf  ciittTin^  the  \»iii  the 

diiiracic  duct,   ciirviii;;   forw.irds  .ind   Miiiw.ittU,    i>  juiiud   l>y   the 

-muwhat   sm.dUr  ruck  lymph. itic      Tlu-  diu  t    i>  rtiuUn-d  \i-ililt' 

ii\-  tht-  whiti-  en  .iiin-  thiid  it   c(mtaiii-,   the  lui  k  Kinph.itic  iK-invi 

-imil.irly  injected   to  ,i  Irs-er  diJL;rie.      1 1 '>ii.dl\-  it    i<  .ul\  i-^.ible  to 

'I'^ate  the  neck  Ivinph.itic,  hut   when  |)i)— -ilile  ,i  c.mnul.i  >hould  In- 

placed   in   it    ii)ointini;   ni)w,ifd-i   >iiue   the   lvnii)h   llow    front   this 

\inph.itic   doe>   not    IkImm'   ex.ictly    like    th.it    tVoin    the    thoracic 

hictt.     To  intidihue  the  (.mniil.i  into  the  thor.uic  duct   two  livja- 

iin-  ,ire  iil.utd  muler  the  l.tttcr.  the  one  next  the  --nlnl.iNi.m  \ein 

1  iui^  tied,  .iiul  .1  ^-lit  is  in.ide  with  ,i  lint    ])oinled  ^-iLirp  -ci>Mir>  in 

!u-  duct  ;  the  edv;e  ol'  the  -lit   is  then  ( .lu^ht  in  .i  tiiu-  i),tir  ol  torci  ]>-' 

lid  .1  iil.i--  c.tiuuil.i    witli  an  out-ide  dianietrr  of  .d)out   I    '■'>-  inch) 

i-erted  .iiul  tied  in  li\-  the  Miiiiul  li;;.iture.     if  the  ere. liny  lymph 

-i.ipc^  -o  freeK    from  tlu-  -lit   in   ihe  duct   th.it   it    tilU  the  wound 
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t,it»>  inMr;!uii  ol  tlu'  caiiiiii!.!.  It  ^lumlil  \n-  n  iiit  inlnTtd  lliat  the 
!\iiii)h  (lilts  nadily,  .md  if  tlii>  (Kciirs  in  ilu-  ntck  ot  tlic  ciiuuila, 
ilu'  I  lilt  will  ri(niiri-  to  Ik-  hniktii  up  1)\  iiiiaii>  ot  .i  tun-  li.iir.  The 
•  .iiiiuila  i>  1  {iiiiuctfil  li\  a  >li(irt  ])ii(r  of  tli\ii>k'  niMur  tiibiiiji  witli 
I  Iunt  .yl.iss  tiiln',  Iroin  tin-  tiid  df  which  tht'  lymph  is  allowed  to 
Inip. 

A  (  anmila  i-  al-D  iii-irtt-d  in  tin-  ttiiioral  \tiii  .mil  i  iiinu'Ctcd 
witii  a  Imntic. 

ThiTf  .irc  tuu  t\pt  >  nt  cxptriiiu  lit  uliii  h  ma\  In-  di  iiionr-Iratcil 

111   l\nij)h   tlnw  .     (  >iH-  ot    tlusf  coiirrriis  tlii-  st  imiilatiiii;  itftc  t   of 

crrt.iin  rluinical  >iil-taii(r>  whin  iiijfi  tid  into  tlu'  iLirniral  riniila- 

tioii      tile  1\  iiipliai;oi;iHs     and  the  otlu  r.  llu'  rtfi-ct  of  alteration^  of 

the  rinulalory  condition^  in  the  int(>tiiirs  .ind  li\tT. 

Tlu-  lymphagOgUes  .irr  of  two  da-Ms,  s.diiif  and  rolloid.  To 
illustrate  the  tornur  ,i  strong  solution  o|  lilucose  i2()  lur  itnt.^  is 
iiijirtiil  intra\iiii)Usly  a  tiw  c.r.  at  a  tinu-  until  an  inc  rt  asi-  in  the 
iiunilur  ot  drops  of  lymph  is  prodiuid.  The  .imoiint  of  inii-ctioii  is 
ilu  II  iiHTiMsid.  It  the  nick  Kniph.itir  flow  i--  also  licinj^  olc^tr\til, 
partiriilar  rri;,ird  sliould  he  ^i\tii  as  to  wluthtr  it  luhaxis  similarly 
i<i  that  ot  tlu-  thoracic  duct.  Repeat  tin-  experiment,  ii-inu  .i  10  '  ,' 
-olutioii  ot  sodium  chloridt-.     |-.\i)I,iin  the  results. 

In  till-  toreuoiiijii  i-\periment  it  will  lie  o|i>t-r\(-d  that  iht-  arterial 

Innd    pressure    either    remain-    unaltered    or    ri>es    slii;htl\.      'i"o 

iliisfati-  the  colloid  lymphai^oi^ues,  sin.ill  i jiiantities  of  a  solution 

I   comnien  j,il  iieptmu-  an-  iiijei  ted.      Noti-   tliat    he^idt-s  atTectini; 

'he  lymph   tlow    tlure  is  a  ik-cided  dro))  in  artt-rial  hlood  pre^-ure. 

('are  mii-t  In-  taki-n  not  to  allow   thi>  to  reach  the  d.m^er  limit). 

I  A])laiii  the   re-nIt . 

h'in.ilK  it  iii.iy  he  shown  that  ctrtain  druv;s  and  hormones  also 
lit  a>  l\  niphai^okiues.  To  illu-tr.iti-  thi>,  pituilrin  ma\  l»e  ii-ed 
I  r.r.  tor  a  do^  ol  ,i\er,i^(-  si/e,  S  ki;m.  -. 

The  intliu-iici-  of  circulatory  changes  in  the  splanchnic  p-^ion 
utv  lie  ilhi-trati'd  a.->  tollow:^;  attir  opening  the  alulonu-n  in  the 
iie.i  .dh,!  a  loose  ligature  is  placed  around  tht-  jwirt.d  \'ein  luar 
he     hilu'-    ot      till-    li\er.        Whin     the     normal     rate    of     Ivmph 
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pulling   on    the   lij^.iturt-;   a  decidt-d    increase   in    (low    is  ohservtd. 
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II   lli<    Im.itiin-  !)(■  n\;lit(n((l  tor  Imi;:  tlic  iMiipli  will  IxcoiiU'  turbid 
witli  1)1(1(1(1.      How  do  you  explain  the  nstilts.-' 

1  in.ilK-  the  Kiupliatics  wliiili  adomp.mv  llic  j)ortaI  \iii)  arc 
li^'itcd.  Tli^  is  readily  done  liy  se|)aratiiiK  the  vein  li\-  liluiit  dis- 
se(  lion  \i'.r.i  the  accoinpaiuin^  structures,  which  are  then  mass 
li;;ate(l.  A  loosi-  lii^ature  is  next  pi, iced  .around  the  interior  \ciia 
ca\,i  ju-t  ,ilio\-e  flu'  di.iphr.iL;ni,  1)\-  inakini;  an  optnini;  at  the 
posterior  end  ot  the  tlth  or  7lh  intercost.d  space  on  the  rii^ht  side, 
pr\in.u  the  ril.s  .ip,irt  with  .1  stroni;  jj.iir  of  retr,ictors  (nieanwhiiL- 
ni.niit,iinin:^  .irtitii  i,il  respir.ition  >  ,in(I  llire.idiii',^  tlie  lii;ature 
around  the  \cin  h\-  .1  Ion:;  .nieurx -.in  needle.  Alter  .ippUin.;  the 
li^.iture.  the  oinaiini;  in  the  thorax  should  he  dosed  hv  ,irterv  for- 
ceps, when  it  will  often  he  found  th.it  ,irtiticial  n>i>ir.ition  can 
he  discontinued.  li.iv  in;^  oliser\ed  the  r.ite  of  K  nij)!!  flow  tin- 
ligature  is  ti-^litened  for  a  few  nioimnts.  Is  the  I'tfect  similar  to 
th.it  of  the  i)re\ious  ex[)eriment?     How  is  it  e\pl. lined? 
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CHAPTHK  XXX. 


EXPERIMENTS  TO  DEMONSTRATE  THE  PUMPING 
ACTION  OF  THE  HEART  AND  THE  ACTION  OF 
THE  VALVES. 

Demonstration  6.     A  wiiU-  i;l.i>-^  cmiuil.i   i-   tixl   in.o  tin- 

-uinrifir  \tii.i  i'.i\,t  III  tin-  ixciNcd  hc.irt  nl  .1  <lii;^  (.r  --iHri)  and  thr 
(  .iiuiiiLi  coiiiuc  trd  1)\  rulilur  tiiliin^  uitli  .1  tuiniil.  A  y;l.i>>  tiiln- 
is  .ilso  tied  into  the  i)uliiu>n,ir\  .trttr\  ,  thr  ui)i>tr  end  nt  tlu-  tiilif,  at 
,1  (list, UK'-  <it  almul  .")()  cm.  tmm  tin-  licirt  t  iid,  luinc  t>«iil  ilinililc 
ind  arr.in'.^rd  s<i  tliat  tlif  (iprnini;  lii^  (p\(r  the  tunml  whicli  is 
I  iinnirtid  with  thf  mmi.i  r.i\a.  I  hf  inlirinr  vena  (,i\a  is  liitl  and 
ilif  pnparatioii  aw]  tulu-  arr  hild  li\  suilalili'  (lain[»  in  a  Mitical 
pn-.itiiin :  \\  >itrr  is  ixuind  into  ihr  Inuntl  so  ttiat  it  di^ltnd>  tlif  iiv;ht 
auricle  .nid  Miitrirlc.  ^onit-  ot  the  natir  iMaiHs  through  cut 
\o-ils  left  azN^os  \tin'  which  arc  now  tic<l.  When  the  \i-ntriclc 
i<  rh\thiiiicall\  compro^-id  li\  the  hand  ihc  u  atcr.  w  hi(  h  ha>  nuan- 
whik-  ri>cn  in  tin  pnlinonarx  tube  to  tlii'  K\fl  ot  the  wattr  in  the 
timnel.  rises  hiy;her  and  higher  wilii  each  coniprc->ion.  and  remain> 
up  hitwttn  them,  until  it  r(,iclu>  tlu'  bend  and  flows  b.ick  into  the 
tuniul.  Ihis  iilustratch  the  circulation  ot  the  blood  through  tlie 
heart. 

It  is  interesting  to  stuiK  the  elTect  produceil  b\  damncint,  tiii-. 
si:mii,i  N.\K  \.M,\i:.  The  fluid  >lill  rises  in  the  tube  with  each 
(  oinpressioii,  but  leaks  back  into  the  \  cntricle  lietwiin  the  "  beats". 
To  raise  tlu'  fluid  in  the  tube  hi^h  enough  so  th.it  it  o\crtlow>  into 
the  fiiiiuel  it  is  now  neces>ar\'  to  conipre>s  the  \i  ntri(  le  mu(  h  more 
rapidlv.  This  illirr^tr.ites  in  a  rou^h  w.i\  how  the  heart  ma\  {(Hii- 
peiisate  for  a  \al\ular  inefficiencN'  b\    more  energetic  ac  litm. 

The  oi'i.kATlDN  01  1111;  TKK  t  si"i)  \.\i.\i,>  i,-  alxi  readih  >,how  n 
ii\-  remo\ini;  tiie  tube  an<l  cuttini;  awa\   mo-t  of  the  ri^ht  auricle. 

When   the   \»ntricle   is   tilled   the  water   flap--   are   floated   up   into 

•    ■  I  •    1      1  ■     •  •       .  1-  , ..  -I",  r 

po>i  I ioFi ,  a  narrow    c  ra n K ,   li*  '\\  i  %  ;  r ,   1 1  : ; ;. ;  1 ;  1 1 . . ^   .  * :    * ; it    t  c  1 1 » 1 1  .       i  ; j :., 

(an   be   temj)orarily  closed  b\    allow  iiiK  the  water  to  drop  in   the 
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.  .litre  <il  tlu'  (  liiiik;  f.illouiiiv;  t  ;i(  li  (Imp  llir  ll,ii)s  (iniif  ,i(  (  lUMtrly 

^.UftluT  Ixc.uiM'   tlu'  \v.i\ts    III    prosiirf  pm.liKtd   1>\    i  m(  li   «lr..p 

ire  rctU-ctfd  onto  tlu'  im«lti  -iirf.ti  »■  of  tlir  tl.ip-  Inmi  tlif  u.ilU  <>t  tlu- 

iiitriclf.      What   >iunitii  .iiu  r   ma\    tliis  ..l.>rr\  .itimi    li.n  «■   in   '"ii- 

tction   with   tlir   nucliaiii-ni  ot    the  di.Mirc  nt    t';/   x.iKo  in    tl\f 

II'  TMi.il  htart? 

To  illustrate  the  iftuicncy  of  thi-  triciispiil  Nahi'S.  li^.itr  th«' 
piilm.marv  artery,  fill  the  veiitride  with  water,  ami  hold  the  ven- 
iriele  upside  down:   the  wattr  sta\s  in. 

'I'he  operation  of  the  \.il\es  r.m  l>e  \try  clearK'  shown  by  oh- 
-er\inv:  them  through  windows  inserteil  in  the  ri^iht  auricle  and 
piilnioiiar\-  arterw  This  is  known  as  GAD'S  HEART  PREPARA- 
TION. 

Demonstration  7.  The  ;^eneral  arraniiiinent.  u-ini;  au  n\ 
he.iri.  is  shown  m  I'ii;.  (Hi.  A  hrass  tul.e  A  10  cm.  <li,im.i 
I  li  Mil  l)va  ^lass  window  .it  on»'  end  and  with  ,i  narrow  tube  soldered 
into  its  side  is  tied  into  the  ri^ht  auricle,  and  another  similar,  Imt 
ii.irrower  tuU'  li  ' 'Ja  cm.  diain.'  into  the  piilmonar\  ,irter\-.  The 
-ide  tube  of  A  is  coniu'cted  bv  rubber  tubing  with  the  outtlow  of 
in  irrigation  l)ottle,  to  the  mouth  of  whiih  le.ids  a  tube  troni  K. 
rhroui;h  a  narrow  cut  in  the  api\  of  the  ventricle  a  brass  tuU' 
('  (onneited  at  it>  frei-  end  with  .1  rubbir  bulb  ami  ha\  in^;  a  side 
lube  (losi-d  by  a  sin, ill  rubber  stopp-r,  whii  h  is  pierced  by  w.iter- 
proofed  insulated  wire>.  is  iiisernd  and  tied  in.  The  wires  are 
.oiinected  with  a  small  eUitric  lamp  D  whi<  h  i)roiects  into  the 
\entricle.  B\  rh\  thinicalK  (i.mpres>iiiK  the  bulb  I'.,  to  simulate 
the  \intri(ular  contr.ictioii-.  water  is  tr.iiisferrt-d  from  the  auricle 
10  the  pulmoiiar\  arter\  .  and  with  e.ich  pubation  tlu'  tricusi)i(l 
,md  semilunar  v.iKes  can  be  \  er\  distiiu  tl\  seen  to  open  .md 
I  lo>e  in  obe\ance  to  the  pri—-iire  (  hanviis. 
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THE  DIGESTIVE  SYSTEM 
^.llAril-.K    XWI. 

THE  INNERVATION  OF  THE  SALIVARY  GLANDS. 

riif  L;<iur.il  n.iiim-  ol  Mil  Mini  (mnirhi  m  -iii<iii»ks' 
t,l  \\ii-~  i-  nw  ~l  n-.idiK  ^imlinl  mi  tin  -ill  iiii,i\ill.ir\  ul.iinl  <  il  tlif 
<lii-  (ir  (Ml .  TIh  k  -jMui-t  -  ,111  III  ■!  (  \,ii  ll\  .iliUr  ill  tlif  two  .iiiiiii.il-;. 
Iiul   tlif  ti-!ilt-  t\])il\    ■^I.iikIuI.h   iiiiit  r\  .iticui  in  miur.il. 

Demonstration   8.      \   'Iol:    i-   .in.ii  -ilh  li/td    jinii  r.ihU    Kv 

tin  lli.iiif  \>.  7'J  .imi  ii.kIii.iI  .iml  t.iiotiil  c.mmilar  arc  iii'-ci  lid. 
An  ini  i-ii  Ml  i--  m.iilr  ,ili  iiiu  tlu-  inmi  In  itihr  i  it  tiu-  iMniii-  nt  tlu'  luwrr 
j.iu  lAtriiiliiv^  liMiii  till-  nil 'Hill  til  tin  a  null-  III  the  iaw  .  I'lii'  (li^;as- 
tiir  mn-i  ir  i-  (  \|)i'-.il  anil  i-  '-trmiuU  ntraitcil  i  iiitwanl^  >i>  as  to 
i\|)ii~r  till-  m\  li 'in  nil!  niii-i  if,  tlif  lilm-i't  \\lii(li  run  tr,iii>\fi>fK' 
to  tlif  wmmil.  'I  lif  li\  imcli— -.il  iifiNf  i-  ^ffn  fxtfiidini;  harkwanis 
|m  Iiiiid  tlif  pii-~uiiiir  filuf  III  llif  iiu  li  iliMiii!.  .\  priilif  or  l)liint 
(li~-'  (  inr  i-'  im-lifil  ninli  r  tlu-  l.itlir  iiii:-<  If  .md  it>  tilircs  cut  in  tlif 
s.iiiif  liiif  ,i>  tlif  tn.iiii  \\iiiiiid.  I  hi--  f\])ii--f--  tlif  dnits  i>\  tlif  --iili- 
iii,i\ill,ii-\  ^iiid  -iililini;iial )  i;l,in(i>  with  the  liiii:ii,tl  iifrw  /nosini; 
thfin  .\  iiLj.itiirf  is  tifd  on  this  lurNf  liflnw  ilu'  dm  l.s  and  tiit- 
ni  i\  f  nit  i)fri])hfr.d  to  tlif  lii^atiirt',  .ittf  r  whirh  it  is  tr.icfd  up  uiidf  r 
tlif  iiiiiii'-  III  the  j.iw,  thf  sin.iii  liiMiiiii  whirh  .iri-fs  tnmi  il  a]\(\ 
prn((iil-  ti)r\\.ird>  lifint;  cut.  Just  aliosf  w  iif  rf  this  Iiraiich  coiiifs 
oil  .iiiothfr  lir.iiich  p.is^cs  li.Hku,irds  and  downwards  to  join  tin- 
dm  f^  .1  -hurt  (hstancf  Ironi  the  pl.uH'  ol  cmssin',^  ol  tlu'  liniiiial. 
Til  is  is  the  chord. 1  t\  nip.ini  lurx  f .  It  cm  he  prfpartd  tor  artiticial 
stinuil.itioii  1)\'  tyiiii;  a  sf i  ond  li'^.iiurf  round  tin-  lim^iiai  iicni' 
alio\f  wiifif  tlu-  chorda  .irises  ,iiid  cuttiii.;  ,ilio\f  the  li'.^.iturf. 
lU  holding  up  the  jiiccf  ol  lini^u.il  liy  thf  two  lli^atuns  the  ticc- 
tiodfs  c.in  lif  riadiK  .ipplifd  to  the  chord, i. 

liflorc  .ittiniptiiii.;  to  insert  a  c.iniiul.i  in  W  iiartoii's  dui  t  the 
ciioid,!  should  l)f  siiiuul.itfd  with  ,i  iCfhlf  tft,mi/in^  currfut  .iltfr 

■Ji  1 1 


Si  (  Ki  I  |M\   III    s  \ii\  \. 


205 


pi, K  illy  ll'lll   (1(1^   fnr(  (p-  nil    till-   tUi>  (IlK  Is  Ucll    t'lUU  ,  1 H  i   of   |lll'   |V)illt 

ulicn-  tlif  liiii;u.il  (TDssis  tlu-m.  'Vh'\^  ciiisi  s  tin-  dm  Is  ti>  lii-ttiid 
mil  into  the  one  wliicli  <Iik^  so  mcxt  m.iiktilK'  .i  -m.ill  i  .miiiii.i  is 
jiiMTtf(|  1)\-  tlif  s.iiiif  in.iiiipuiatiiiii  ,is  li>r  .1  \tiii    p    77'. 

The  skill  uiiiiiul  slioiiM  imw  hi  (.irritil  li.nk  .iii<!  tin  -uji- 
m.i\ill.ir\-  t;l. 111(1  rarcfiilly  fned  l.y  liimit  (ii--(ctinn  fr.im  tlir  iHi.;li- 
iMiiiriiiv;  tissues,  c.tii'  \n\u^  t.ikt  11  m-l  t"  iiijiin'  tin  \tiiis.  '1  lie 
.  A  posed  ^l.iiid  slii'iild  III-  kept  moist  uilli  warm  I.oikr's  solution. 

The  (.miiul.l  is  (Olinei  led  liv  suit.iMe  rulilier  tuliiiii;  witli  1  t'ellt 
J.iss  tiilie  so  .irr.m^ed  lli.it  tlie  dtojis  ot  sii  letioii  m,i\  t.ill  Imm  its 
■n  e  end.  11.1  \  illy;  .iscert. lined  tlie  r.ite  ot  M  rntioii  li\  1  ountiiiv;  the 
liopsi  for  .1  niirm.il  period  ol  one  minute  the  ihonl.i  is  siimiiLited 
•or  .1  few  moments  with  .1  feeble  iiilerrupted  (  urn  III.  When  llir 
-ecrelioii  li.ts  returned  ti>  norm.il,  stimulation  is  repe.ited  with  .1 
tri>n!L;er  current. 

The  rel.itiniiship  between  the  rt  sponsc  .Tiid  the  striny;th  of  tin- 
-timuli  should  be  c.irefnlly  tinted.  'Ihosr  ne.ir  the  prep.ir.itiuii  (.111 
asu.ilK  set  lh.it  the  ijl.ind  becomes  llushed  .in<l  .ipp.uenth  suolleii 
Ky  the  stimiil.iti. >n.  this  efTecl  beinv;  usii.illv  nmst  prom  uneed  during 
•he  first-. ipplied  stimuli.  W'h.it  coiichisioiis  .ire  w.irr.mted  from 
'he  nsiilts'  Till'  observ.it ions  .ire  ripe.ited  during  stimul.itioii 
■  f  the  ceiilr.il  end  of  the  \  .itio-symiLitlutie  in  the  neik. 

fhc  secretion  iirissure  is  now  measured  by  connecting;  the 
.iniuila,  l>y  miKier.itely  thii  k-w.illetl,  but  yet  flexible  ti.  iiiKS  willi  -> 
nercurv  iii.inoiiK  ter,  the  tubing  beiny;  tilled  with  physiologic. il 
.iline.  The  carotid  bloo<l  pressure  is  also  o};served,  .itid  it  is 
id\antaKt-ous  to  arr.inu^'  the  writing;  styles  of  the  two  in.inometers 
o  that  they  write  in  the  s.ime  perpendicular  on  .1  drum.  When  the 
horda  is  stimulated  with  .1  current  which  ^;i\-es  a  maxim. il  secretion, 
he  pressure  in  the  duct  m.inometer  sti'adily  rises  until  it  overtops 
li.it  in  the  artery.     l"x[)l.iin  the  siyiiiificance  of  this  result. 

The  manometer  is  now  removed,  and,  throiii;h  .1  cannula  pre- 
iously  inserted  in  the  femoral  vein,  lO-b")  my.m.  of  atropine  sul- 
hate  dissolved  in  physioloi;ical  s.iline  is  injected.  When  the  dru^ 
as  developed  its  full  action  on  the  heart  show  is  this  tested.-'j  the 
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the  secretion  and  the  vascularity  of  the  jjland  observed.     What 
been  the  action  of  the  atropine?     Of  what  siyinificance  is  the 
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THE  CONTROL  OF  THE  PANCREATIC  SECRETION. 
THE  SECRETION  OF  BILE. 

\-     .III     ,\. 11111,1.-     ct       Mil       (M\|k.. 1    Whil    \K      M\i|lM\ 

•|  ,1  |.,  ,,   ,  ,11     IK  (KMi  i\l   -    il     i~    llK-t     1  I  .|1\  rimill     Im    I.iki      lllr    li.ilMn.l- 

'lli,  In. nil. .IK  Imi-  ilii-  ^I.iihI  i-  (|<ii\>.l  Ir.'iii  lli<  .In. 'Wi  ii.il  iiniii.-,. 
vli. K-  II  i-  i,r..(lii(c.l  l.s  ihc  ,1.  li..n  ..I  iIm  ,,  I.U  jm.-.  nt  in  tlir  .  !i\  hh- 
on  ,1  <  ,,ii~tiiii,nt  ..t   I  111    ci.illu  li.il  ( <  lU,  .1111 1  it  i-  tin  n  i  .in  nil  I"  Hi'' 

p.llH   lf.l~    I  l\     I  111      I  ll I. 

Demonstration  9.     An  ,in.i<-ilu  li/i  .1  il..^  ili.it  h.i-  hfcn  ^t,n\  - 

r,|    t,,|    •_' I    111, III-    i-   |ii(i..iii(l   ti.r  rtxi-li,ili..ii  '.t    till'  .iitni.il   M 1 

pi.  --nil  ,  .111(1  .1  .  .inn 111, 1  i-  in-rrti  .1  in  llif  I.  ni..r.il  Mm,  'I'lif  .il.il..- 
nitn  i-  lipt mil  in  llir  liii.  i  .ill  m  .hhI  tin  ilm  ilim.m  ,il..n.;  wilh  llir 
.idlurrnl  |..ini  if.i-  iiiill.d  inii  i.t  llir  uniinl.  1  li«  lnw.r  .iml 
l,llL.rr  illli  I  lit  tllr  li.lllrrc.i-  i-  till  II  l\pi  -c'l.  .iml  .1  lis-lllirr  l>l.irf<l 
,i,i<l.r  it,     'i'iic  p(,-itinn  ut'  till-  ihii  t  is  iixliiMlfil  .ipiirnsiui.itiK  li\  a 

-ni.ill  Inln   ol  p.iiu  rf.i-..n  ( I'lniLiiiit  ll  l.\  M l\t--rl'-,  wliiih  .  Atcml- 

I,,  ill,-  .Ini.iUnnin  ,it  ,i  ilist.nui-  ut  .iln.nt  -Jtl-'J.'"  nun.  .ilnAr  tin- 
|M.iiit  wlicri'  till-  lie, 111  i.t  till-  p.iiK TIMS  I.-,i\is  tin-  .liKi.l.-nnin.  It 
imi-l  lie  n  nuniluicil  tli.ii  ti,.  ihnt  Iu--in-  ln.im  liiiit;  \rr\  (Ii..-i-  U> 
it-  in-ritii^ii  mti)  tlu-  ilm kUiuiiii  -n  tli,il  niiK  .i  sin. ill  pi.-.i-  nt  it  lan 
lie  ili.-s(-(  till  t'n-i-.  'Vi>  iiisc  ft  ,1  (Miiiuil.t  into  tlit-  ilnct  the  (liii.ilcmiiii 
is  i.p(m-il  li\  .1  lunuittiiliii.il  imi>iun  .ilmit;  its  tt;r  l.unitr  uiipo-ilf 
tin-  (lui  t,  tin-  uiH  nini;  nl  w  Iiit  li  is  tluu  \  i-iMc  in  tlic  niiln-  ot  .i  stnall 
I);il)ill,i  III'  -nnu-wh.it  paltr  li— iif  tli.iii  the  riinainiltr  of  the  iniicusa. 
A  lilnnl  imilir  -limilil  l-f  in-trt.il  intu  tlu-  ilu.  t  .iml  i;(-ntl\  .L;uitlf(l 
aliiiii;  it  sii  .1-  to  asiTit.iin  tin-  t-\.irt  (lirccti.  ui  nt  the  ilu(  I  ami  tile 
position  III  till-  Inst  In, null.  As  tlu-  prnhc  is  w  itliilr.iw  n  a  suil.ihU 
c.inmil.i  with  .i  \\i  ll-nuirknl  m  rk  is  iiiscrt.-il  ,iml  linl  in  position 
li\  the  li.^,itiirc  pri-\ioiisl\  ,ii)pli.ii  outside  tlu-  ilii.t.  A  ciniuila  is 
now  pliini  in  tin-  <  oninion  hilt-  lUu  t.  w  liu  h  is  i(.-.iiliU-  louml  .i. coin- 
p.tn\  ini;  tlu-  iiort.il  M-in. 
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I  lie  li.llc.u  in:i;  nil-.  i\  ,1 1 II  111-  I  in  tin    ~t  .  til  ii  iii  -  In  'iii  lli<    t\M  ■  'lints 
ii    III lu   m.iflt  . 

1.     I  I.I  V  ill;;    i.li-rIM  il    tllf    limillll    l.llr   1 1|    m  1  li  timi.    .1    -lll.lll    |ilt  1  r 
t    (nltnll    ~ii.ikii|    ill    .1    Uf.lk    -nllltinll   of   llMlrm  lllolU     .11  h!      I>  -~    ill  III 

1'  ,  I  i>  ]il,M«i|  in  tin  ilin  uli  niiiii.  V  lit  n(\n  tin  -t  1  n  timi  liniii  tin- 
iiHriiiii  (lint  lniDiiu-  il.iiil>i|l\  iiiiTf.iMil  lint  ,111  iii\  .iri.iMi' 
, -lilt  tin  (I. Hull  i-  Kiiii.Mil,  .iinl  tlir  ilin  n  Iriiiiiii  \\.i-lni|  \\itli 
ili\-iiiliii:ii  il  -.iliin  K  inl(  11  i|  l.iintK  .ills.iliin  li\  -1  hIiiiih  i  .irl  .1  .n.itc. 
-V  iimiiiiii  -  ,111  ill!  n  .i-iil  -iiiitidii  III  liilc  iMiiii-.  Iiniii  wli.it 
-  .iin  (  -  iii.i\    tlii-  I'ilt    111    ill  ii\i  il  '      W  li.it  I  \|M  linn  Mi.il  -t<  [■-  u.iiilij 

•  III  -iiu'Ct  -I   in  iiiilcr  111  .1-1  irt.iin  tlii- " 

■J.    'i'lir   (Aiititi:;   inlliiiiiii    nl    thf   .iiiil    ini^lit    1 'I    imii-i     In    ilm- 

.1    it-    .ili-.illitinn     illtii    lllr     Miiiiil.        'I'll    It  -I     'lli^    |)i.--ililli!\      illlii  t 

-..iiir  III    tin-  .niil   iiitii  tin-   It  nim.il   \tiii.       \  iiru.ili\'-  n-ull    i-  uli- 

■  liind  t\rn   \\  ht  n   iii.i->i\  r  i|i  -■  >  .11  <■   iiiji  1  tl■|l■ 
:?.    I'lfO  >    ,1  111  lilt  ■_'  It  It  Inii^    111  tllf  iipl'i  f  I  ml  III  tin-  ii-jiiniini  .nnl 
I  tin    Inwti  tinl  111  tin-  ili  iiiii  .m    tlnn  itiin  a  t  d.  Ii\   1  uMiiu  1"  luiin 
inxiniislv  .ipjiliiil  liuiliiK-.  .i"il   tin-  iniitiiit-    \\.'-lnil  "in    \'\    tip 

A.tti  r.       |-.,n  li  pit  1  f  i-  tlnn  -lit  1  ipt  11    iml  tin-  unit  1  i-.i  -1  i.ipt  li  "It  Iin 
In    lihiiil  tilur  lit  ,1  -r.ilpil  .111(1  I  iillt-i  till  in  -ip.it.itt    u.iitli  ^l.i— t-. 

'  inc  li.ill  (it  f.nh  -t  iMpiiiL;  i-  t In iri iiil;1iI\  'cH'IIIhI  in  ,1  -in. ill  in  'it.ir 
Mtli  tiiif  (|n.irt/.  -.mil  .iinl  .ilimit  :>(•  if  nl  <•  ti  pt  r  ii  nt.  IimIiii- 
liliiiic  .11  111  •_'  c.t  .  H(  I  t'oiiiiii  IIM)  I  .1  .  u.ii.  r.  lilt  t  AliMi  I-  .irt- 
litn-il  tlirmi'^Ii  liin-  nin-lin  .iinl  iif.irK  in-iin.ili-t  il  Imii  lill  ili-- 
;ii(  tl\  .niil  tnw.ird-  litiiiii-  .  Almiit  ■")(.(  .  nt  tin-  t  SI  1,11  I  nl  it  iiiiinm 
-  thru  iiiiftiitl  intn  tin  h-niMiMl  m  in  .iinl  1  ili-t  r\  .il  mii-  111, nir  mi 
In-  arti-ri.il  lilmul  pn  --iin  .  tin-  -ti  ntinn  nl  p.iinn  .ilii    jiiii  t   .iinl  tin- 

•  rn-timi  nf  liilf.      <  I'linr  tn  tlii-.  ImutMr,   tin-  i\-ii(    ilm  t   -liniilil 
i\r    lut-ii    tidl      itY.      Wlu'i      Tin-    lilnnil    pn— nil-    11-11. ill\     l.ill> 

nii-i(liT.ilil\-  .mil  I. Ill-  niu-t  In-  l.ikt  II  -n  tn  nunliti  tin-  i.itc  '.m<l 
mnimtj  nt'  init-itimi  tli.il  iln-  t.ill  i-  imt  .illnuid  tn  i^n  l"<i  l.ir. 
\li.it  iniicln-inii-  It  li.iriliii'.^  tin  nn-rh.mi-m  nt  tin-  iinn  ,i-til  sfiTf- 
■  n  cm  ill-  drawn  tmni  ilu-  rt  -iilt-'  Tn  nlit.iin  -.iti-t.iftnry  rt-^iilts 
ni.i\  In-  lit  ft---.ir\  tn  rtpi.il  tin-  iiiji  itimi  ii-in^  dmililt-  the  .miniint 
ml  iiijtttinu  mnrt-  (iiiickK'. 

'ri,<.  .,!.__. .;•..(  1  j. ,t.  ..li,.ii!(!  tl'.'-n  I."-'  ri'iifat'.''!  usi.n.ti  -i  i-iiinl.irlv 
r.p.iri'd  rxtr.icl  nf  iKiiiii.  A  inin  h  ftvlilt-r  n-pnii-t-,  it  .my  tl- 
Diinsf  at  .ill,  is  oiisiTv  cil.  Imt  tlu-  f.ill  in  iilootl  i)ris-iirt  i>  a^  pri)- 
niincfd  as  bcfon-.     What  idiiclusioiis  do  yoii  draw  irmn  the  ri-snlt? 
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I     ll.iMii.;  <l.  inMii-ti.il..!  ill.    M.I.  l.rovu.irv   ...  ti-.ii  <.t  tin   <li. 

,1,  n.il.  Ml..,  I,  111.    .|1H-I1..I1  .111-,  ^.l-t.-lli.    v..  11.  l.ll  IMtUM..!  tll.M-M 

i,,^Mil  -I. ,11..        111.  Mill. iiiinii:i-.'"i"i"'t  '1"  ■"  "1.  vU.1,  t  ..i  i.-iimi 
i,ilu,,t,,n   I  ,.il.  .1    111  t.iiiiiK  .1.  I'l  I.. I'll. 'II     "I'l  l''.'.i<'l  till,  .null  tl. 
1,1,,  ,  ,,,,,,.,        ill.    Iilti.it.    I-  I. .1111.1  I"  1"    -nil  ...tu.    ^vlx't  i"i"'' 

\\l,.,i   ,,.11,  111-;.. 1.-  .1..  V Iii^^'      11'-  '"'^   ,l,,.ii^,,...uir..l  ill  ll 

v.,.n  ,|.,,i,-,.i    ,tl..  I'       111'    -"i.ii.'ii  "I   1"1'    '-  ""'"  "l'-"'^"l   ' 
,,  -,..,,,,1    I,,   ill.    iiii"  li-'ii-   ill    ll"     -■'""    iiii'ii'""   •'-    >''"    l...ii'i..'i' 
,,,,,,  ,  .,,,,1  it-  !..  1MM..1II   111.  1.I..I.    -li.'iil'i  !"■  '.ii'ttilK   v^.ii'li.'i- 
.-,     ll.iMM.^  , -i.,l.li^li..l,  l.\    ih'-.    .  \i..riiii.  Ill-,  ili.'t  .1.  i'l  .Ntr.i.  ' 
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,,-  I,,  ul„  ill,,   III.    l„.iiii..ii'    i^.i.  -'  n'   'll.  1.  ill  .1'    -'I'll  '"  •'-  ■'    1"' 
.ni-..i   ulii'li  tl„    .i.i'l  ,,.  lu.it.-.       i"  ili'"^^    li-l"  ""  tiii-.iu.-ti..ii 
il„    HI, .Ml...  '.'1  I'.ill  "t  '1"    """"-■'  -"..j'ii'V-  i-  ui'i"!"!  '"  •'  """■'•" 
vvMl,  ,,,,,,,1/  -.111.1,  ..ii'l  <'"  1"  '   '""    -..'liim'  .lii..ri'li'  -..liiti..ii.  .i'"! 
,,11,  t    iilhiiiu   111'    .Mi.i''    ilir'.nJi    iiiii-liii.  .'l->"t    It-ill   "'    i'    '>  '" 
i.,,..l    inii,,v.i...ii-K.      Til.-    r.Milt     i-    ii.u..Iu.-.      Thr    nniaiiiiMK 
,„„ii,.n',.l    ill.-   .Ml, 1.1    i-    ill."    i.ii'l""!    t.'i"ilv    •"'•1    ^^"1>    II*' 
,„„,., I    ,,„!  ,,i,,,,,l       (111  iiii..i".'i  .'  -l':J't.  l.iit  X.I  .l.'linit.-  in,  na- 
ii-n.ilU   ....  m-  i"  p.m"'.iii'    -"  "  li"".      Wli.'t  .  ,,ii.  lii-i,ii!-  .nv  I'^r 
iiii-~il'l,-  ti>.iii   'll.  -.    K  -lilt-  ' 
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EXPERIMENT  ON  THE  NORMAL  SECRETION  OF 
SALIVA  AND  GASTRIC  JUICE 

In  , ,1,1,1-  I..  -iihl\  ill'  -r,  I.  11, .11  ..I  ill.  .hi;.  Mi\.'  ^I.m.l-  in 
.m  1111,1.  -til'  li/"l  n..im.il  .m'iiii.iI  Hi-  ii..-— 'Iv  1'\  -m^i'  •'!  n"  'li"'l- 
t,.  .-t.il.li-li  jM  1111,111.  Ill  ..II.  iimi:-  ..I  li-liil.i'  -'11  'li.  -iiil-i"  "t  ill'- 
ImxIv.  till.. lull  will,  li  tin  -'  .  nil. Ml-  m,iv  .  -.  .ip.  1  In-  m.  'Im-I  lii- 
li.rii  .  iiii.l..\.  .1  \Mlli  i.!.  .11  I'l'.til  ill  ill'   '  •'-'   "'  ■•'  ^'  '  'I  "'  ''"   ^l'i"l~- 

I  lie   i:.  11.  I.ll    ll.ltllU-  ..I    th.     .  \\>i  Mill.  Ill-   1..  IMC    ,1.1.  <  111. 11.  I  ^     ill  11-11. .1.-1 

1,\  .,|,-.r\.iti'iii  "11  th.-  p.ii'.li'l  .:l.iii'l  npr.-.iitiii;;  ,i  v;l'ii'l  ^^"1'  •' 
.l.tiiiil.  '111.  t  '  ,111.1  tin  -t'.in.ii  li  '  i.  pit  -.  iiliiiK  .i  iil,iil.l  \vln.  li  -r.  i.  Ir^ 
.liri.iK  '.11  t"  ,1  mil.  "U-  -uit.i't  !  'I'li«-  .>|><'.''i"i>-  ii>.«— 'ia'  '" 
.-t,il.li-li  till-  li-liil,!  .iif  pcrl'.rm.'l  \<\  -.m<-  ."ini'.t.nt  .i-i-t,mt, 
iii'l  llu-  '.p.  i.it.'l  ,1111111. il-  ,in'  .,in  liilly  tiii.l.<l  >..  tli.it  th.  u..iiii'l- 
h.-.il  with. .lit  -uppiir,iti..ii.  I.t  -ii<.i>-tiil  ..l.-ns  ,iti'.ii-  it  i- 
tiirth.  riu..r.  <.t  iiiij...rt,iii' >■  th.it  lli<'  .miiiiil  -h.'ul.l  Ihciiu-  iim.1  t.. 
tlu-  pti-.m  uli"  i-  t"  .lfm..ii-it.it.    th.    lAp.  rinniit-. 

The  Normal  Secretion  of  Saliva. 

MniK.i.  I..K  M\Kis..  I  i-ii  1  V  "I   III!  l'\K'>iiii'  •!  \^i'       '^'1"^;  i-.iii.i-ili'i.-''l 
Willi  in,.r|.lnn.(ni'.i|.imi.h\.li.Mh|..ri.l.lMil -^m    i..rkk;in  h...l-,  «,  i^ln     ni'l  liii.'Hv 
\Mlli  .  lil..r..l..rm,       llu-  ni'mili  i-  li.M  "I""  !■%    111...11-  "I  •'  -uimLI'-  <.';;  ..H'I  'li'' 
.liutii-  Sun, .111.1111.'  l'...ii.-.i    "11   ill'-   ni.i......   ..I   th.-  '  In  .-!<  ..(.i"-!!.-  lli.-  -....n.l 

m..l,.r  l.H.lb   .      .\  -iii.ill  I'liliit  |.r..l.r  1-  pn-h.-.l  ml.,  ill.    'I'l.  ■  .iti'l  lli'    inu.  ..u-  in.  111 
l.r.in.-  ,ii...in.l  il  -ih.mc.'I  wnli  -i."!'    -urs"  ."1  K."!-"-        ^  '  n' <il,.r  m.i-i..ii  1-  lli.-n 
ni.i.l.-  llir..UKh  ttu-  iiiu.    .-,1  .11. mil. I  lli-   .In.  I,  llu-  .ir.'.i  '.I  lli'   '  n.  I>-  U'lii;;  .1  lil'l.-  1.— 
tli.m  '.M.-  -i|.  <ii>.      Il    will  i.r,.l...l.lv  I,.   n.r.—.iTV  ,H  I lii>  >t..^;.-  1,. -u-i.,  ilI  l.iiili'-r 
..|Kr.i'iiin  h.r  a  iiiimil.-  «r  -..  in  or.Ur  l<>  .I'Iniinl-l.r  -"ni.    ni'.r.- .  lil'-r'.l-.riii,  .iii'i 
ihrouK'hf.iit   llic  r.'ni.iin.li  r  of  the  ..|..-r,ii  i.,n   similar  p.. 11-.-  will  ... .  .i-i"n,ilK    h.- 

Iu■.■l.^.^ar^  .  Tin-  <  ir' U-  <'t  iiuu'i-.i  i-  tlun  iiuickly  ,|i.,r,t..l  lr..iii  ili'-  iiii'l.rU  in^' 
n^Ml.■  i\\>  u,  llu-  '111.  t,  .lit.  r  whi.  h  a  -t.ih  i-  m.i'l'-  hy  .'  li"'-  -<  .iI|h-I  ilir'.uk;li  tli<-  >l<in 
..f  the  clu-ck  <,p|-.-ilc  tin-  '.[.iiiiiiK  '.f  lii'-  'lii<  t,  ll"'  *'li-''  "f  ll"'  -^1"  '"'  '-"">  !■<  '"m 
•rinim.-.l  l.y  ,1  s<  i—'.r-  -"  .1-  i"  mak.-  the  w.iuikI  .-llipli.  .il  in  -1i.)|h..  lU  nif.iii-  of 
a  MirKi'-.l  II.  .'Ill-  •'  11'"-  ^'Ik  liu.iiiir.-  i-'  |.a>M..!  llin,iii;li  ill'-  .interior  cl^'.-  of  thf 
.  ir,  I.,  ol  11.11.  o^.i  .in.l  il-  fr.-c  .-n.l-  piilL-.l  oiii  tliroir>;li  ili<-  -kin  woiin.l       lU  r.  nllc 
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ll.i,  I  i(,ii  .pii  I  111  li^.ii  III.  .iii'l  |.\  l.rii.hiu  I  In  til  !■  1  U'l  ■  iM  1m  )irii|.(  (.Ml  I  1ii'Mil;1i  ill' 
\M  .11111 1  I  111  .111.  I  .111.1  111.  11 .  Iliu  II  111.  .  1-.I  I-  1  .r.  .imlii  .111!  t. .  I  111  -km,  I  .11 .  1..  I  111;  l.ikr), 
11. 1 1  I. ,  -r  1 1  1 .  Ii  i  .r  I  w  l-i  I  111'  .Ju.  I .  I  111  I  .  I^r-  1 .1  I  111-  mil.  .  .ii-  .  ;i .  Ii  ,iii  n.  .u  -i  iii  hi-.; 
],\  .1  iiii.  -ilL  . .!  .  111.  .Ill  II  i-.  .1  .  .lUm  luii  nil'  '(I  I  111  1  .1^.  ~  .  .1  '  111  -km  u.  II  111.  I.  'II,. 
u.,imi|   Ml   ilii    I,. .null   I-  -iiuil.iiK    -iiiilii'l  ,111.1   uiili..iii    ilii-  ,i|i|i|i>  .ii  iiiii   "t   air. 

i!i.--m^  ' '"   ..II 1111. 1 1  I-  .illi.\\.'.l  I nil-  1. 11 1  ..I  I  in-  .111.1  -I  lull.  .       I  hi    \k..imil  -limil.i 

],.    I,,iili.  .1  .l.iiU   uii  li  |.li\  -i..|..^:i    il  -.liiiii'  .111.1  .1  111  1-  -1  I  11  I  i"li  "I  -  .li\-i  I'l  1  ■i-:"li.ill\ 

-I  miiil.il.  .1  l.\    ^r,  m,;  I  ill-  ,1111111, il  -1.111.    .ii\    I     Li'i-.i'l  .  riiiiil.-   . 

Will  11  I  111    vi.iun.l  1 1.1-  1 1.  .ill  .1,  II   \u!l  1m    111  1  1  --.ir\   i..  ...  .  u-i.  mi  'In   .!■  .^  1..  hi  iii^ 

-I  i,i|,],i-.|   ml..  ,1   -1111  .il.li    lii.Mi  1    .ili.l    ;l    1-   111.  i-l    imi.i'Tl.iiil    t.ir   i  In-   -ii.  .  i  --  '  .1    I  In 


1-  i.imi-l  .ii.i.liii!  I.,  -kill  I'l  .iiiiTii.il  i,,i  O')llcction  of  fistula  JUK.-.       I'  '^  I.'v). 


(.1.-1  I  \  .il  i"ii-   ill. It    till'   .mlin.il    -liiiiiM    l.i-    ii'.imr'i    I"   -iil'inil    t<<    llir    li.inii--iii4 

Willi. ml    t"i    11    III    1  A.  ill  1111  III  I  111     kll.'uli.li;!    tll.ll    lir.lill^   1-  III  li.ll.iW  -.liiU   iiuikc- 

thr  .iiiim.il-  i'.i'.;ir  In  p.iri  ici  ■  ii  i  m  tlu'  i  .r..i  ii'lmc^-  1"  ."ili-rl  tin-  -iiri'limi 
y>.,\  |,  ,\  ii-,(  -  a  1 1  mill  I,  iii.i.li  ..ill  1.1  \\.i\  .IP  I  rr-in*  wil  li  il-  I'l^^i  -  tl.in-.l  i.iit  v.i  ,1.,  tn 
fill  111  .1  li.ii  -iiil.u  .'  ti>  .ilipK  111  I  la  -kin  li,;  I'i7  ,  Tn  .tpl''''  ''"  !  mini  1  tlic  h.iir 
ar.iiinii  the  .In.  1  i-  .  li|i|'i.|  cl.-i-  i  \  .1  -  i—nr-  .ni.l  i  li..i-..ii,;liK  drii'd.  I'lic  limiii-i 
i-  ill.  II  iiii'iii  i.iiiK    w.iiip.i,!  .111.1  tlir  ll.ii.'.i  cki    tirnil\    j.i(--i.i  im  tin    i  heck  tn 

\\  111,  il  H    ,l.!iu  Ic-.  .lil  el    "  ill.  il    I  'ir   Il.ll  K  >W  1  ll.i  I-  .11  i  .1.  ill  <i   i .  i  .1  iis'ii  Kl  a.  iij.ii  ii  i  i  r-l - 

l,il„        In  11  ni.iv  m^  ilir  hmin  1  1  .11.   111 1 1-1  In  l.ik.  n  lint  1. 1  .il  .r.i.ic  llir  >kin.      linlijiiii; 

.1    W.irllKil    mrl.il    I '"  1    mn    lin     (  ikl-^   llrl|-    Id   |.)i>-rll    tllr   .It  1  ,R  llIl  11  111    In    till-   skill 
•."lO  1 1,1  lis,  rn-in  .    Ill  I '.lit  ~,  III  I  il    n\;.li-  I  I    (  I    .ill.  I  'J."i  |.,irt-  \  iljnw    %\,i\. 


•nm  I\  \KN      Wli    *  ■  \-  I  KIi      I   1-1  I   1    1 


•2\\ 


Demonstration    10.        1  1h     -t(r(ti..ii    -lu'iiM    h. 

iiiiriii'^  tin-  li>ll(i\\  ill'-;  ( (iiiditH'ii-; 

1 .  \\  lull  \  .nil  111-  hrdil-  .lie 
!«  dill  ihi-  .inim.il. 

'_'  Winn  .iiiil  -ciliilimi  "\' 
.!iA  lire  id  ri  iiiiiii-  .iiT  iliri"A  n 
mti  1  till-  iiK  itnli. 

.'!.  W'tu  n  i!i<-  inim.il  i- 
It  i-i  d  u  ilh  .1  I'i'lir  '  u!ii«  li 
■-liiuild  ,itt>  ru.ird-  !'<■  ^:\tn  ii> 
him  1. 

It       1-     ,|l-ii      pi. 'lit   ll'lr      I'l 

ir.iin  ilic  .iiiim.il  -"  'lii'  '"' 
1.  ,irn-  I"  .I---1M  i.ili-  ,1  I  1  rt.iiii 
^.lunil  or  \i~n.il  iinprt -~i' in 
w  itli  tlu'  -iiliM  (uii-nt  -uniiili- 
1  inn  (it  -.ili\  .iv\  -CI  rtiioii.  .1- 
l.\  '^ix  iii'^  liim  Im  .!  i  <  riimb-. 

'lilt'       r\ln  rlllU  lit  -       '111       (I'll- 

dilidind  n  llcM-  .ir<-  hii\\c\rr 
nimr  -trikiiii;  aIk  n  the  li-tiil,i 
i-  niir  iiiMiK  iiit;  llif  -iili- 
iii.i\ill.ir\-  IT  -iililiiiL^u.il  dut  I-. 
llii-  (A. Ill  n.iliirc  111  llir 
lit  inmi-HMtiiin-  .nid  txiifri- 
nu-iU-  nil  in.ilcii.il  111  tlii- 
i\  IK-  iiui-l  iMtur.ilK-  \  ,ir\-\\  itli 
I  iniiiii-l.iiiiT-.  AiK.iiK  t  d 

!-tiiilfiH>  ni.i\'  prclii.iliK'  dir- 
\(itc  ciiii-idiraliK-  timt-  lo  llii- 
\\i  Ilk. 

The   Normal   Secretion 
of    Gastric    Juice,      siii- 

tacli  irv  d»  iiii'U-tr.ilii  'ii  "\    llu- 

-llTcliiIA  ,uti\ilit'-  lit  lllf 
,.    .^irii-       LjKni' 

i>ial.li>biii<nt  i  it'  lintli  '^.i-tm 

and  (VHijilMutal   tistula- mi  tiir  ^aiiic  animal.       'I'lii-  ran  In-  iiinlcr- 

taken    'inh     wluii    tluif    i-  -niiic'iu    win.  <  an   d.  \iiii    n  m-idiralili 


Ku;.  flS.     Momai  l>  latiniila.     Si-- i  niUivt  tir 

n(!l..r(>        Illr  J,...  ri..l!Mn. 


^::-?fxyi^'--^^< 
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time  (  \rr\-  il.i\-  \i>  tlif  priipcr  rue  .iiid  ,iltt  iiii'm  (if  the  .iiiim.il.      A 
ft  u     1  .lir-ir\  .liiiiii-    in,i\-,   IidwtAcr,  Ijc    iii.nlc  mh    ,m   .miin.il    with 
L;,i^-t  lie  tl>l  111. I  .ildiH'. 

Method  for  Making  the  Gastric  Fistula. 

■|  luniiL;li  .III  ini  i-li.n  li  7  '\\\\.  \'>\\^  in  tin-  Iiih  .i  .ill'.c  ju-i  Ik  Imu  ili'   -'.  riiiim  th' 
-iMin.ii  h   \\,<ll   i-  (  .111^111    l'\    .1   l"i'  ■  |'~    11"'    il''  '    I'll"'"-;  II    -.  Mill  uh.ii   M\,  r  1'.  tli^ 


I- p..  i.'.i       ^Mii'l  fiir  Ic^Miii'-  .iti'Mi,,!  •.•!  uii..  h  ii-iiil,i  ..iM-i.iti.'ii  I.. I-  h.  ui  i.'T- 
ioriiii-.l.      (1-i.iin   linri  -irMt'^    ■  I'r.i.  ti.  jl  l'li\  -I  ■'i.'i;N  ■■.  1 


ricli' .  till'  -<  iiiu~  1 11.1 1  i^  .1 1 1. 11  111  1 1  tu  the  (  iIl;!-  nf  ilu'  >kiii  wunnii  li\  .i  t<\v  ilixnii- 
I  null  in~  -III  111 .~.  An  iiii  i-ii'ii  i-  I  ill  11  111,1' ir  I  liinii^'h  ail  I  lie  i  n.il-  i  't  I  ln'  ^tmii.u  li 
u.ili,  Miiiliiiv;  I'liiii;  i.intiilK  n 'iii  rullnl  1 1>  iii;,itiin-.  'I'iir  iiui-iuii  i>  jii>(  lar.nc 
«  iiniit,li  til  .uliiiil  llir  iiiililiii!  ti.iiii;r  111  liic  i;,L^t!ic  r.iiinul.i  il-ii;.  <iS'.  .\  cronii- 
i  i-.il  r.ili.'Ul  lii;.ilmr  i~  iinw  >ti!rluil  iiki'  .i  iHir-i'  -Jriil;;  .i  --hiMt  ilisl.uuf  from  thi' 
(■il>;i^  III  till-  •ul-iiMi  .iiiil  llir  i.iKiiiil.i  iiiM-itiil  ainl  licii  'not  I<)<)  ti^litU'i  in  pl.ii'i- 
ti>  till  liv;.ituf.  Ii  1- \M  II  iM  .ippl\  .1 -ti'iinij  |iurs<- -triiii;  li^atiirc.  Tlic  op(.T.it  ion 
i-(  1 1111  pK  I  111  1 1\  I  Infill  c  till'  -kin  won  111  1  II I  111 !  Ill' ca  mi  111, I  with  iliM'ont  iniuiu--Mit  llrt■^. 


S\|  1\   \H\      \M>    t  .\-lM'      I   I-ll   1    1-, 


,nnul.,  .r.u.,l.n,l.u>n,„....n-..-..M...-^..n.l„.. n,i.      1  h.  n:!-  .M  h. 

,„„,,1,,  ,,  ,1,,-,,1  l.v    ilu    -,  nu  in  M..,.|..r. 

Demonstration  11.     In  ..in.ut  ,.  u.-.k.  ulun  thr  un.nnl  m1. 

,-,Mllvh,a.lH-,.K<l,thr.ln.,i<pl.,r..lontl...>l,MrN,.t,nnhn,Kr  1-.^. 
„„,  „„l,lHtnll,,uinunl,Mrs,nH>n~..n-,n,.l,-.    A  pK  ,l^rt  m  a!.-.>rlM.nl 

,,,„„,    ,,M,.,lua     tn    ,,     h.rmnMat     i-    p,l-M-.l     nUn    thr    Mnma-h    .uul 

,,„lv  ,nnv.,l  .A.r  th..  >nuru..;  tin-  naturr  an-l  n-.uU,..,  ..1  Uu- 
:,Mv,inn  vvlii.h  ..M!un>  „,  it  att-r  f.  n.uval  i~  nl,>.rv..i.  A  tlu„- 
, Ml.M  rul.lK-r  lu,  attarlua  ....  ;Ja^^  tulHMs  .arHullv  iM-M-a  mto 

,1h-  MnnKi.l.  thnniul.  tlu'  tiMul,.  an.l  nll..l  uith  ^^^nn  uat.r.  1  hr 
,„,,,  l..,.,ln,u  nut  nt  tl.r  UMula,  i>.n„n.-.l.a  N^ith  a  v.at.T  man..- 
,„.trr  thr  fn-.'  lui.l.  -t  uhVh  i^  attarh.-l  \>y  tubing  t,.  a  m^umIiv 
,„„,„„„.  ,,Tanu.-.l  tu  i.i-.  nl..-  it^  n,.A.  mn.t^  o„  a  dtun,  <  )l>MTNa- 
,i.,n.  a,v  UMU  ina.k'  nn  '  >.■  huu^rv  ,-,  ,ntra.t,un>.  Jt  n.av  Ik' 
,H,.c,..,uv  t..  \vait  snnu-  t,mr  lafnrf  th.-c  aiM-rai^  W  lun  ^at..- 
,  ,,torv  nvonl-  hax.  L.  >  u  >.<un.l  thr  anl.nal  i.  t.aM-.i  l.v  t.  nn.t.n^' 

i^^^i,hal.lH■tlH^Kt■ 1  ami  thr  i-flrrt  nn  tin- nmtra,  t.nu- t,nl,-,l. 

-Hh.  rnl.Ker  l.a'<  i^  nnu  nmnVMl  an.l  thr  ,va.  t,n„  nt  tlu'  -,-,  ntmn 


,.il,,.,i„.  tn  it  t.  ~t(<l  l.y  nu'an>  <.t  htinu>  painr. 


-.llnlllil    111' 

thin 


■I1uM'  nl  .MIA  at  inn-  nn  hnuiivv  ,  ..ntra.  timi.  in  a  -m.^ 
M,ppU'.mnt,.l  bv  Mnular  nnr-  n„  n.an  l-r  tin.  purpn.-  a 
,„M,rr  l.ai;  i-  tninlvti..!  nn  a  narn.u  ~t,m.a>h  tul.-  and  pa.M-.l 
,l„^vnth.-u.-npha,n~  until  tin-  l.aulu'^nMh..^tn,na.h.  llu-  u,  >s 
,!,,„  ,li.,.n<l.,l  l.v  air    rt.  (  atl-nu  .  an.l  thr  nutrr  .uM  .  n„nrrt.-.l  u  .th 

.\vat.rnMn..nu-.ran.l.an.l..,ur.     Th- ..1  .m  ..  atinn  ~h..ul.l  L.  n.a.lf 
,„,  a  ,H.,-.,n  v.l...  ha.  n..t  takui  f 1  t..r  -..nu-  h..ni-  pnA-.uMv. 


-? 


?-!>'  ••;»-»*.*rrt-.; 
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THE  MOVEMENTS  OF  THE  (ESOPHAGUS     AND 
INTESTINE. 

Demonstration  12.  A  i.ilihii  :-  n,ir.  nti-(-l  |,\  humus  <.i 
iiimIi.iih  ]k  7'-'  '  111'!  till  M -(']]!!, I'^ii-  i-  cxiK-id.  'V]]\>  i~  ,i(((im- 
pli-liid  p.iilU  1p\  (li.iwin-  till'  Ir.iclif.t  Im  i]],-  riulil  li\  .i  ^imit  silk 
lii;.iiiiri-  i).i~-ri|  .iidiiinl  il  ,iml  ;i,inl\  I  .\  iiiillinL;  tlu-  u  ^Mjih.i.un- 
t'l  llli-  lilt.  I  he  \.i'^ll~  iHIAt'  i-  llirii  liil!ii\\(<l  III)  111  will  re  the 
-iilici  il  ir  l,ir\nut.ii  li.i\t-  it.  ,iim1  tlii~  IhmmiIi  i~  i  iit  .itur  iNiiv.^  ,i 
til!  I  Ml  I  n  111  1 11 1  it  ,1-  iicir  to  the  \  .lun-  .i^  ]M.--ili|r.  "-'limul.iiiiin  nl  the 
l,ir\  nucil  iiciA  f  liy  ,1  l-.iiMilic  nirrtiii  cm  itc-  ilir  ,ii  t  i  it  -w  ,illi  i\\  iiii; 
.mil  il  (  .111  In-  -ten  til, It  llli-  1  mi-i-l-.  in  mdi  r,  ni  .i  ninxciiK  iit  <<\  the 
til  II  ir  111  I  he  HI.  ill  ill,  111  rl(  \  .ilimi  i  if  the  !,ir\  ii\  .iiul  nt  tin-  ii,i->,ii;c  i  il  .i 
inri-l.illic  \\,i\c  .ilni'.'.^  llif  1 1  ,-i  i|  ih.i:;'i~.  .\  nrinil  ul  the  jitri^t.ilt  ic 
u  .i\  f  I  .111  111'  i.lit.iiiM  i|  I  ly  ill-rrtiiiL;  illli  i  the  lllliu  ii  1 1|  lllr  <  r-i  i]  )li,rv;ll>. 
I  111!  mull  .1  -111.  ill  ill!  i-imi,  .1  thill  u.ill.il  iuIiIh  r  Im-  riiiL.rr  cut  ,  wliii  li 
i-  11  III  lui  I II I  1 1\  tuliiii;^  with  .1  u.iit  r  m.iiu  mirtt  r  aiiij  t.mili<.iir,  .lit  it 
ili-ttiulinu  it  with  w.iriii  w.itrr.t 

It  i>  lUiw  iiii|)iirl.iiit  111  .i-i  1  ii.iiii  wIhiIhi-  tin-  |nri-i,iliir  w,i\f 
I  .111  hf  iiinrc  iiMilily  set  iiji  li\  nui  h.iiiii-.il  Inii.il  ii  iii  nl  the  (isii- 
lih.iuii-  (If  111  ilu-  iili.iiAiix.  The  -tiniiiLitiiui  t  ,iii  lie  pn  uliuril  Ii\- 
■-III  ikiii'U  w  illi  .1  I  (  a  I  her.      The   n"~i  iph.i^ii-  is  liii.ilK  cut  ,n  rns-  .mil  .i 

1  '111  I    |iin   11  illllri  u  i!   |i\    ,1   ill  If,  1,1   w  ilh  ,1   Illll-ric  lr\  iT  .11  t,ii  lud   In  ihf 

ptMlilnral  iiiil  nt  till-  nit  lulu.  'Ihc  .-iipniur  l,ir\  ii-c,il  iiri\r  i? 
.ru.iiii  stiiinil.ilril.  I'nun  llic  r(-iilt<  nl  llii>  i  iiiMr\  ,ii  ii  mi  wli.il  cnn- 
ihi~ii  111-  r.m  lie  ill.  I  w  II  n  iiiiHTiiiii',^  the  iii.iiiiu  r  i  it  lr,m-ni!---ii  ni  i  it  ;lu- 
I  n  SI  iph.ii^f.il  pni-t.iliii    w,i\f.-' 

'till'  ,iiiiiin  .it  till  li.i-i  111  I  hr  iniiLiui,  I'r.,  In  -u,illi  .u  ii:^  ni,i\  lir  ir.iijiK 
>:  Uilu  .1   in   I  lir  ill  1  1  111  11 ,  ill  ■  1  ,il  .  ,1-  .|r~i  r  il'i  li  mi   |i.   _'_'7. 

tl    111      lIu-    -Ml  11--^    nl     llll      I'll- 1  I  \  ,ll  lull     lllr    ,111.1  -I  111  -i,!     niU-l      net     111-    lull    llirj). 

♦  Ii  i-  111  ~i  111  Mr  !  Ill-  111  1^1  I  1  111  111  ,1  I  iiMii  r  iMilii  ;i  I  -u  i!i,ii  thr  i  ii-l  .  if  tin  <  .^lll- 
|  ii  1  11  ,11  111  -  111  I  hr  I  111!  Ill  I  llr  1  ,  Il  .  llll-  1,11  ill  1,1 !,  -  111-11  linn  i  if  lllr  I  nl  illln  t  lu' 
ir-ii|  ill, lull-        1 1  1-  linjii'I  I   llll  11,  -1  1    ih.il    lllr  1  III   ill  1  1111,1  -  ullifutlllK  ili-tilli|rii  with 
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Mi)\i  \ri  \  1-  <'i    t  >i.M)rii  \<.i  -    \M>l\n-HM  -l-> 

THE  MOVEMENTS  OF  THE  INTESTINE. 
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'Ilic  rffcct  piuiliircd  (111  till'  nioxtiiiciits  by  stiiiiulatiuii  nt  the 
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SIX  r ION  \  111. 

THE  CENTRAL  NERVOUS  SYSTEM. 

CHAriKR    XXXV. 
REFLEX  ACTION  IN  THE  MAMMALIA. 
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ll(\i(.n  irtl(\,  l!i«  ^.  i.itili  It  ill  A  i-  ill.  II. Ill  ■!  ]'\  iniili.iiiii.il  .ni'l 
ticcliii  .li  -linuili.  W'li.il  I  ill  till-  n  -iill~  imlii  .III  ,i-  t.'  llir  li'i  ii-  nt 
Lili'^iir  in  tilt    n  111  A  ,in  •■ 

li.  I\|\|||)|\I1  i\|iitlli>\.  Tlif  tiiil  (il  till  li. unlit  III  ,1  ~i  lil'il 
ni  i>l  .1  -111. ill  mil  t  i-  pit— 111  au.iiii'-l  till-  -kill  >'\  i  -nit'  li  nt  i.  Iml 
ill,  II  i-  IK.  M-iMiii-f.  it  till-  -.iiiif  i.liittt  ill-  iiiMMil  mi  till-  '-kill, 
lidwiM  I .  ilii  -I  r.iii  li  iiiiiM  nil  ni  is  likt  K  to  In  -t  i  uii  \\  Imi  i-  tlif 
( Apl.iii.ilii.n  111  llif  it>nlt  '  Wii.it  i-  tiif  .in.ii.rc'H-  i  aim  i  inn  iil  mi 
\  i-ii  111 ' 

7  si  I  I  I  --i\  1  KiiM  I  |M\  I  -inu  .1  -ii'U  liinni.  n  i  i'hI  .i  <  im- 
MiIti  ,il  .it-  iininlKr  i  .t  kntf  jirk-  iMinhnKl  l.\  nmil.iiK  .iiiplinl  i.t|'- 
i.l  .1-  nr.iilv  .IS  iMi— ililf  ((iii.il  intt  n-it\  to  tin  intilLir  li  inlnn.  .nnl 
will  II  tilt  re  !■-  .qipn Aini.itf  ti|n,iiit\  in  tlir  In  i:^lit-  ft  tin-  n.ntr.n- 
ti.iii-  iliiiiu  tin-  tnrn  -pi.ndiinc;  Uv:  t'"'  •'  t'^''  -tn'ini-  into  ilif  lltAnm 
nlltA.  iiif.inwliiif  (nntinnin.;  tin-  p.itill.ir  t.ii>-  Wlnii  ilir  tliAn.n 
n  lliA  -iih-iili-  tin-  tiinlim  jnk^  .iif  v:'^.''l>  ts.i's-;"''''"'-  I' \pl.iiii 
\\ii\  this  -imw-  -nut— i\f  inihirtii.n.  I  )tniiinstr,iti-  tin  -.iiiif 
plitnununnn  t'l.r  tin-  tlt\inn  nlltA  .nni  lAtm-nr  thi  u-t .  ami  Imt  tin- 
ciii— ni  lAtin-idii  ri-lliA  .iinl  tltxioii  rtlliA.  Wli.it  i-  tin-  .mil.ici  m- 
rxprl  linillt  I  111  \  i-inll  ' 


cii.\pri;K  x\x\i 


CEREBRAL  LOCALIZATION.    DECEREBRATE  RIGIDITY, 

RECIPROCAL  INNERVATION    FUNCTIONS  OF 

SPINAL    ROOTS  IN  THE  MAMMAL    DOG. 

Demonstration  15. 

A  ii.i.  lii.il  I. mil  111. I  i~  111-1  II. ■•  I  Ml  .III  I  till  11/1  ■!  ■iMk;,.iii.l  li^.ituii  -  pl.Hr.l  1....M  ly 
.ir.iiiii.i  till  ,.11. .11, 1  .111.11, -oil  iNith  M.I.  -.  Willi  tlif  .miiu.il  III  ill--  I'l'Mi.-  |H,-.iii..ii 
(he  li,  .1.1  I-  1. 11-.  .1  l'\  I'l.M  iiu  .1  l'.i'l  mi'l.  r  it,  IkIii^;  c. in  till  I.'  -.  >■  lli.U  lli.r<'  i-  '"> 
kiiikiiis  "I  il>'-  "il"  I'l^li'U  lr..iii  ill.-  11,1.  H-mI  ..iiuiiil.i  I.,  til.-  .-lliiT  h..nl...  I'.i 
s,r\.-  ,i>  .1  l.iil.lin.irk  I..1  lli.-  .  in.  m1  -uI.  ii>  .'I  lli<-  .  >  r.  Liiiin  win.  I"  <  ..ri.-|-.n.U  1.. 
th,-  l<..l,tii.lic:  fis-ui,-  ..11  ill.-  liuni.in  t.r.iin)  two  1I11..1.I-  ,11.-  -it.i.li.'.l  .1,1..--  'lit- 
h..i.l,  ..lu-  ..f  ilifiii  joining  thf<.iii.r  (-.inthi  ,if  ilic  <\  c- .m.l  ili.- ..tli.r,  iIh- <-.iii.l>  l.-r. 
,,f  til.'  l..«,r  j.iw.  Til.-  ,111,  i.il  -ul.  u-  li.  -  1  tilll'-  l«-liin.l  'Ik-  mi'l  l">iiil  IhIw.-.m 
thi-  iw.)  thr,  .1.1-.  .\ii  1.1.  wi.'ii  1-  iii.i'l'-  .il">ic  'li>'  'ii"i  '""  "I  '•'•  -'  •'ll'-"i'l  '•>  '•'""• 
ili-.i  11..11  th.-  i,iiii«,i.il  mil-.  1.-  i-  -(■iMi,il..l  I1..111  ill.-  Ih.ii.-  I.ir  ,-ii..ii>;li  t..  iimIm' 
nx.iii  l..r  i\v..  ir.  i.lum-  h,.l.--  ,.iu-  in  frdii  ..I  lli.-  .>tli,r  .in.!  uiili  iluir  iiin.-r  iii.Hkiin-- 
at  !,-.i-t  :;  mm.  In. 111  lli.-  1111. 1  lini-  -..  .1-  t,.  .i\.>i.l  wi)im,liii>;  tin-  -ii|H-ii.ir  |..ii>;it  u.lui.il 
S11U1-.  1'..  m.ini|.iiKitc  ih,-  lr,-i.liiii.-,  th.-  -t.-.-l  i->int  i-  tir-t  ..f  .ill  .i.ljii-l.-.l  -..  tli.il 
it  pr.ij.-.  1-  iH-y.m.l  tli<-  -.iwim;  .-'l-^;.-.  .111. 1  tin-  i-'iiit  is  !«ii,-.l  int..  ili.-  -Icull  in  ..r.l.r 

t,)atfi.r.l  i; 1  t'lviti.in.     W  li.n  lli<-  -awin^  uliji-  rcu  lu--  tin-  Urn.-,  .  .in-  1-  l.ik.n  it 

cut-  iiiut.irnilv,  .iii.l  wli'ii  .1  U"'")  -tart  li.i-  l..->-n  nia.U-  tin-  c.-nir.il  |M.int  i-  |.iill.-il 
lip  -o  th.it  till-  may  11. .t  |.iiii.  I  iir,-  tli,  l.rain  111.-  1 1.  pluninv;  i-  . .  .nl  inii.-.l  uiilil 
th.-  inn,  r  t.iM.-  ..I  th.-  -kiill  i-  .iit  thi..ii^;h  .ir.nin.l  ino-l  ..I  the  .in  1.-,  th.-  t  i,-|iliiii.- 
is  th,  n  1.  iii..\..l.  .111.1  tin  .li-<  "1  l-'iii-  pri'''!  'iP  I'V  "u-.m--  ..f  .1  |Hi.-i.-t,-.il  ,1.  v.iti.r 
fir  .1  -l.iul  p.iir  ..I  t.iri.-|i~.  1  h.r.-  i-  ip!  m  l*'  (-<)n>i.liTal.l.-  h.rni.>rrha.;i-  at  this 
sta^;..-,  l.iit  It  ,an  usually  1..-  ,  ,,ntr..ll.  .1  I'V  applying;  for  a  li-w  niinuli-s  a  p.i.l  ..f 
^;allZ(•  th..r.>uv;hlv  wrunj;  <'ut  witli  ii..t  i-i.tonic  s.ihiu-.  When  th,-  tw.)  trt-phini- 
hiilt-s  li,i\f  I..-.I1  niaik-  th,  \  ,ir,-  ,  ,inn,-,-t,-.l  t<>i;i-th(-r  l-\  \»n\v  f<>rc«-|.s,  t.ikiii;,'  .  arc 
n.it  t..  w.Miiiil  th.  l.r.iin  .in.i  .-..ntroUin^  l.U-t-.linK  with  li.il  hauzv.  .\  .urvi-.l  sur- 
gi,-.i!  luiillc  i.s  i.is-.il  lhr.iu^;h  the  dura  an.l  l.y  tiiians  ..f  it  iho  latt.r  is  rais.-.l 
siilti,  iciilK  s,,  as  t.)  \h-  able  t.i  rut  it  with  a  sharp  i-iinu-.l  s,  Issors.  Tin-  f\|x)snj 
br.iin  shi.nlil  \»-  (-o\-cn,l  with  ;;.ui/,-  soak.-.l  in  isotimi.   salin.-. 

In  (initr  to  .iliiniil.iti-  the  cortt-x  .1  l.iruc  plate  indiltt-rt-iil  > 
eU'Ctuxk-  is  plaad  011  llu-  ni(>i>tiiu-(i  >kiii  i>l  tin-  l.iwi-r  <lnr>.il  ri->;ii.ii 
ami  c()niuTt(-(!  with  (<nv  ttrmiii.il  i>\  tin-  sfn.ii(l.ir\  coil  ot  an  iii- 
-i.jpj.. .f;!ii-.i  v.iih  till'  otb.'.-r  t'-rtiiitii'  of  ulii.li  a  liliiiit-n.'iiitcd 
('?tii.;mati('  or  (iiav;in)>ti("i  rk-tlrodt-  is  romu-<  tt-d. 
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|1,,\  111^  in,„|,    , I    ii  At  ti  li  ilnlh    It  I II.   ill-    iH.-ili..n  (.1   Mll<  I  .iM' 

..,n\(.liili..ii-  "t  ill.  I  v|M.-.  .!  |..  ,MH.!M.|  ill.  ..  I.  1. 1  mil,  ill.-  1 1.. lit  .III' 
111  II.  II.  ^-..11  ill.  -m1>  ..piM-il.  !■■  lln  -IH  mil'.  HI  ill'  -kull  .iM-  !■"->  I 
,  ,1  .111.1  ill.  1.  t.iin/iii.  .  1  111.  Ill  .11. 1  ill.  '1  l.'i  -li""  p.  ii.h|~  .,ih1  .It  \.il'. 
iiu  -II.  lulli-  nil  111  .1'  tin  ii<  111.. ..  Ill'  III-  ..  I  <•"''-.  I  ^ '  'I  I'  ■  '"  .  Ill  I  " 
.11. ..--till  I. -nil-  II  i-  ii.<.--.ii\  I"  li.iv.  '1"  •llillll.l  .1-  li.liil'- 
;,,,,,  .ill,  ii/i  .1    .1-    i-    .. .11-1-1.  Ill     \Mili    ill.     .iiiii.     .il.-.iM.     .it     I'.iiii 


.pv  Z 


\U,     71        ^irt.i'>''.t    .'i'liPini    •!    i!">;.  -ii""i"t   "'     I'i'" 
p..Ml..m-  ..|  th.-  %.in..ii-  ..-t.ti— :  ii.  ne.k;  tl..  f..r.-l.ti.l>;  1.1.  h.ndl.mh.  1.  ta. .;.    M..v<-. 
nu'iit-  >'t  tlKivo.  K.  Jicomi...iiii-.i  1>V  .lil..ti..ii  ..<  llir  pui-il.  1'.  ;irralM.,.l.t,.iii<-<l  IK.m 


W  li.'ii  ,1  -iiil.il.l.-  -n.  ni:tli  ..!  -imiiil.ili.'ii  li.i-  l...  ii  1.  .up.' 1 ,  tli.-  .  \1'.'m-<1 
,i,,,i  ,,t  ..iiluimi  i-  ~\~i.  ni.iii.  .ilh  <'\|il..n.l  I  u.  71  .  .uul  tin  ..b- 
s.  i\.  '1  I.  -l>'.ii-.  -  ii'.l.'.l  ..II  til.  -k.  I.  Ii.  1  h.  '  li.ir.ii  l.r  "I  I  lu'  iii"\  f- 
111.  Ill-  inii-i  .il-..  !..■  .  .iritiilU  n..t..l  \.v..  wlnllu  r  ilur.  i-  »  \i.l.  ii.f 
.,!  n.  iiii'.'  .il  iiiiu  rN.ili'.n.  .  !■  .  'rii.-  j.iii.iU  .ni.i  >  \.'  iii"\  t  iiifiil-  .m 
Iw.lh  -i.l.-.  ni"\.iii.iit-  .'t  I  Ik'.i'I  .111.1  t  .ii-.  I  liau'cf-  in  tlu'  roinr.i- 
ti'.n>  ,111.1    in..\.iiuiit>   "1    tl       Mil    niii~'    ■^^"-   '"■   l'">l<f<l    '"r-       Hi'" 


(    1   Kl    r.K  \1       I    '  M    \|   1/  \  M'  i\ 


_,  ni  i.il   It  -nil-  .11.    iihI:.  ,it.  .1  ii'   tli<    .i.  .  .  .ini  mii\  iiu  <  li  n  i        I  m  ili\ 
ih,   ,  III  ■  f    .1  til.   .iiipli.   III..!!  I..r  -.  .111.    Iim.-  1,1    ,1  \.  I  \   -I  I  "I  I.,   -tMinilii- 

i~  ^i  ii< li.  I ! 

'Ill,  .mini  il  i>  iiM.ilK  decerebrated.     I  -i  tin-  puii..-.  .i  l.iiu<- 

,11.  II IV  -111  n...  II.  i^p.i--.  ,|  ilii,.iu!i  ill.  l"i-i.  11-1 1  III'  ti.  pliiii.- 
li,,],.  l,.i,  ku.ii.U  until  ill.  t.  iii-iiiiiii  1.1(1..  Ill  I-  I.  It  It  I-  ill.  11 
.|,,,.i..|  .l.,\Miu,iiit-  .111.1  iiiwii'l-  -"  .1-  '"  I'i'.ik  .1.1.'--  iIk'  1''-<- 
,,|  ill,    1,1,1111  -I.  Ill  m-t   111  ti.int  .'t  ill.    I.  tit,  Ml  mil        Iiniii.  ,|i  .t.  U    tin-. 

i-,|,,n.    til.   I. -i.M.tli..i'-   ihIiIni  K   I'.-'.i-  "I  '"I I'"   ^"^  III. .ill. 11 

„,  ill, I  null.  Ill  I.  ~i.ii.iii..ii  iiiii-t  I"  -I. 111..!  Ill"  '  il'' I  '  'II  11"^^ 
1m    iliM  ,,iiiiim.  .1  -mil    ill.    .mini.il   i-  im   il'-il 'L    "i    I'-lm^  ■iu\    iinii. 

II,,  mii-i  1.  -  ..t  ill.  .  \ti.  mill.  -  .11.  ..ii.liilU  1,1  -.fM  .1  II..1II  tini.' 
I,,  imi.-  |.,r  til.'  .,11-.  I  ,.l  .1.  .  .1'  l.i.it.  li^i.lilv  .111.1  I'.r  til.  .il'I"  iiiiii  «• 
,,t    I,  ll, A   in..\  .  Ill' Ml-,  -II.  Ii  .1-  llf  1^11"     ''    Iv    iii'l   ill-    l!.  \i..ii   I.  ll.  V 

I  ,    ii,.    ],iiii„,-,    ,.i   -ni.lMi:'-.  recriprocal  ir\nervation'    iIm- 

1,  nil.  .11-  .. I  ill.  I.  .  til-  1.  III...  i-  .iiiil  till  -.  mil.  Ill  lull. -11-  .n.  .  xi".-  '1 
,m,l    i-,,l.il.il    tii.iii     i.lli.i.  Ill    .ipi.ii.  im-i-    I'll    i'-.'li    -I'i'  -     "I'l    ''" 

I,  ,1,1,, I,,,, I.-.  Ill   , III.  I    till.    Ill-  I'lM     1...  II   li.  . I  III  ill.  111.         Ill"     1 1'     '1 

,1,  ,\,  -  ,11,    .il-, .  ,  \  ].,,-.  .1  ,1-  ill.  A    li.    mill.  I    til'    -km  "H  ''i''  mi"  i'  -"I' 
,,l   ii„    1,.^  ,,,    ill,    .l,,r-mii  III   ill.    Iiii't.      .\lt'i   ■111."  litii-  till. Mil-  .iml 
,nlli,|.^,  ,.,,,  h   II.  i\.-  I-  1,1. 11. -.1   m   .1   I'.iii    "I   -^11.11111. lull'-  .  i«<-li-..<l.  - 
,,t,,i,  li,-,l   ti,  .III   milii.  li'iium-       II"'   till'  .1' I-  1,11   III-'  I.  mil  III-  .If  "  "I' 
IK.  I.. I     Ulth     mil-.  I.-    1.A.1-.     lis      111.  .Ill-    ..t     i.iill'\-    ..I    .lll'^ll'    l.\.T-, 

1,1, i  ;!;,  wiMii!'.:  pi, ml-  ,irf  .iii.m.;.-.!  -"  tli.it  iIka  \Mit<-  m 
ill,.  ,,im.'  p.  ip.  inli.  iil.ir  "ii  lii''  'linin.  -i.iiil  i'iuihI-  Ilmi;; 
in-,  rli.l  ill  ill.-  piim.iiA  .  ii.  nit-  .'I  tin  '\>.|'  i'"''!'  '"H''  ^^  '""  ''"' 
p,r,,ii.,il  m  r\.'  mi  -m.  -iil'-  i-  -nmnl.il.'l  ii  \\ill  I"'  t"m'<l  ''i-'i  ''i'' 
Immi.l.it.  r.il  -.  mil.  lulim -u-  >  ■  ml  r.i'  1-.  .iH'l  '''■"  '''■  i"  m-  t.iin.ii-^ 
-iimili.iii.  i.ii-K  1.1. i\<-.  il  it  l'.'  ill  1  li\l»rti'm'  <  i  hh  In  !■  m  ■'-  ■'  r«  -nit 
,.t  .If.  til  lit.it.'  ri'^i(lil\-  .* 

II  tilt'  pr.  ii.ii.iti.iii  i-  -till  in  -iiii.iM.'  . .  .luliii.  .ii.  ili.  tsp.  liiii.  iit 
-lii.iil.l  l.f  t.  iiiiin.itf.l  l.v  t'\i)..-iim  llif  Imiili.ir  p..il,"ii  "I  tli''  -I'lnil 
.  uni  .imi  ^tu'hiii'^  till  i  in.  ti.>\-  <  >l'  iiii  -I'IN  \i  lo  »  ii -.  ii..l  mi:  .il-.  > 
llif  I  llt'.t  [)r...liut.l  .Ml  ill.'  iiL;iiliI\  l'\-  tluii  -'■.  lH'ii  1"  t'\p..-.'  llif 
r.M.t-.  pl.i.  t'  Ihf  .iniiii.il  .ni  it-  1"  ll\  \Mtli  i  tlii.  k  im'I  "V  M"<  k  .,1  \vi....l 
...,.!,..-  ,1,..  !;,,....!'  i-Mti...!!  ('!  tb-'-  ...1  i.l,  ,111111 .  .mil  in.ikf  .m  in.  i-ii,ii  in 
i.u-  mill  liiif  <>l  llif  I'.i.k  ..\.r  thf  -pin.-  t.t  lli.-  himli.ir  \t'i  ttl.r.u'. 
Stp.ir.itf  thf  ir.ii-tlf-  IriMii  Imlh  >iilf-  "f  tin-  -piiu.u-  pr..it'— t-  .iii<l 

^•Tliis  exi,.'riTn.'nt   -u.  ....I-  1" -i   mi   'lif  .1. .  .rt  |,r.iU'  t.ii        il   imi.'  i-  liinitt.i 
■lie  fXiK-rinifnt  sh.)ul,|  U'  uinittf,!  .in.l  tli.it  im  thf  spiii.il  rnni-  ]■«  rtornit-.l 
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,,,,,„,  ,„onuK  -o.i.at  tlu  l.n.nna.nt  tlHV.rul.ru-  .n.-M.o>.,L 
M,„l,  ,,,  ,1h-  ...n  l.r  .l.mr  l.v  l>l..nt  .l.wvtion.  wlurh  uil!  av..,.l 
,,,„„„-,l,..u..  (i.t  ,lu-ti^MH-lKlur.n.lH-^in,...uMT<H'-^'-<'"- 
■),„1  ,,nd  ;;ni  l.nn!  n-  ,„..!  ,.l~n  l..-tw.-.n  .hr  l,.-t  luml.ar  a.u.  1>! 
.,..  r..l  ..n.l  auM.ntair  at  ihm-  baM--.  tt,.  s"non^  pm.v.MS  iKtwm, 
,,,,  ,,,,,,„,..  uMM.  a  -tn.u,  1-.,.  I..nv,.-.  l<.n.o^^  th.  .pn,.a:-. 
,,,,.., ..,,,,,1  ,.!,..  i,l..r,ln,uha-l»Tnn,ntn,llr.ll.v.lua,M.luat.nn 
„,,  I,,,h- ^u•^n.  nut  will)  hot  xvat.r  pro... ■.!  ,.,,,,„■„  tl.r  ^p.na!  ranal 
l,v,u..t...tl.to,>uhtlulannna.ol,h.-.s,.n~..l  v.Tt.hfar  w.tl>  l-nm- 
f.'.n.p^.  t.kit.u  .an  that  tl...  point  ..I  thi^  i.-.ttamu  t.t  d.KS  n.,t  S'. 
,;,,„,1  ,1,.    -pn.al.anal.     'riu^  ^pi.tal  . . T.l  .n.  lo^r.l  .n  tlu- .iura 

i,  „..-^  .X  -«'l.  !"■■'  •■'  '-  it.'M-aiA  in  or.l.a-  t.,  rx].....-  xhv  f.H.ts 
„r.,  ''n  iha-  tl..'  ..vti.  ul..i  pro,-.>M-  iHtu.-.ii  n.i^hl.ounni;  vi'rte- 
i,r,.!  „.k..lavMV.^      ,Th,-..-.allr.l!.aukM.il!l.onrt.,r.rpsan- 

u-t  1(11  lor  tin-  pro.  f»i, 

TlM.  p,,M.ii..r  o.,,  ;^an:Jia  .aim-  into  x  i.w  wKn  tlu^  artin.lar 
pr....-.-  luNT  iH-.n  r.ni..M-.l.  AtUr  aRain  -topping;  ha'n,<,rrhapr, 
whi.li  i~  Iik.ly  1..  1.-  .onM.UraM.-  at  tln>  MaK^.  th.-  root-  arc^  pr.- 
p.iitfl  lor  -tinuilaiion. 

I  ,,,  tlu  p.,-t.ri.,r  r.M.t  oi  llu'  Cth  .urvc  .ar.lully  on  a  -tralMMiui. 
hook  or  H.iall  an.urvHH  .uv.ll.,  an.l  ti.  a  liv;atuiv  routul  ,t  a>  n.ar 
,.,  tlK'  ^anulion  a-  po->ii>U'.  -uttitm  thr  n.ot  distal  t..  thr  ligature 
1  „„-.■,  thr  i.u  ..n  tl...  .  ..rr.-pon.lii.u  m.U  aiul  Minu.laf  tit.  .  .•nlral 

,,„1  ,,,  ,!,.■  nH,t  uith  a  t.taniMim  c  urrcnt,  u>i.'.«  or.hnary  ckrtruclfs. 
Noli-  tin-  .  hara.  t.r  ..t  thr  m..vnmnts  of  thr  Ur  atul  waUh  tor  any 
ihaii^i-  in  thf  n -i)iratioii>. 

I.i^at.-  an.l  .'nt  th.-  Tih  po-t.ri..r  n..,t  as  mar  tlir  cor.l  asp..s>.- 
l,lf  .in.l -tiimilatr  thi' iH-riphrral  end. 

What  .on.hi-ion  .lo  ynu  .iraw  Iroin  thr  rrMilt>  ..f  thr>r  rxprri- 

'"''•n,,.  ,un.tion>  ol  th.-  ant.rior  r.-ot-  arr  thrn  drtrrminrd  i.y  a 
,  ,,,„i,,„  ,,  ,Iu-  .nnr  pr.KV.lnrr  as  for  thr  postrrL.r.  It  .s  s..mr- 
^^hat  .lith.nl.  to  imparr  thr-r  n,ot>  for  Mi.nnlat.on,  and  ,t  o  trn 
xsi-t.  to  pa--  a  tap.-  n.nn.l  thr  ...nl.  l.v  uhirh  it  i>  .autiously  pulled 
;,,,  ,„.,  ,..  ,,H-  -i.lr.  ()l.>crv.-  .-arrfnllv  anv  .lilfrrrnrr  ni  the  type 
■ »  ),;,!,  n  -nit-  l.v  -liniulatinvi  thr  antrnorand  [x^sttrior 


root 


Draw  a  diagram  showing;  thr  luiu  ti.ms  ot  the  roots. 
Ml  nmU  Ik-  .'l.-.-rv.-.l  tlK.t  tlu-  U.NV.-r  altli  ,.n.l  7th)  luml.ar  r.«n,  aro  larv:.-r  tlu, 
th.,M  hi.h.-r  up,  tin-  1-^.1  <.f  thr  7,h  Ik  u„  ,.1h,u,  on  a  lin.-  w>,h  .he  ,hac  cr.>,.,. 


CHAPTHR    XXXVII. 


THE  DECEREBRATE  CAT  I. 


Demonstration  16. 


animal)  an,l  a  ,Kur  ,.f  serr.s  fine,  is  place.l  on  the  '■•-•<':'•--";: '"^.r'^^; 
,h.     neck.       The    anin.al    i<    then    placed     on    the    Mecerel.rator       «  th      h 
1  V,     rcst.nK  on    the  back   platform   <V,.  the  hind  le^s  han,,n,   free.   an.      h. 
Leek  on  the  neck  block   (N  ^  care  l.in.  taken   to  prevent    any   k.nk.nK  of   .he 


Fk. 


72.     r).-cerebrati)r.     Fur  <le«:rii>tion.  MM- context. 


tracheal  cannula.  The  na.al  .eptun,  is  pnneture.l  by  a  .caplel  and  a  cord  <.  pas.  - 
c  throueh  to  a  hole  on  the  neck  blmk,  at  the  lower  level  of  the  tongne  Ruar.l  (  D. 
The  ,  uth  is  o,.ned  and  by  gentle  traction  on  the  cord  and  n.an.pulat.on  of  .he 
he'd  the  snout  s  pulled  over  the  tongue  guard  which  bes  over  the  tongue  w.th  ..s 
^^t  be.w"en  the  fauces  and  over  .he  epiglottis.  The  coni  is  then  t.e.l  to  a  hook 
r^he  base  of  the  stand  an<l  the  nose  piece  (S)  is  pressed  up  agamst  the  snou. 
and  fixed  in  i>ositionbv  tightening  the  clamp.  a     .„  i 

Xn  incision  is  now  made  along  the  mi.l  line  of  the  skull  and  the  skin  reflec.e,! 
to  lib  sides.     A  distance  of  30  mm.  is  measure.l  back  from  the  coronal  suture 
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I    \n   KIMI   \  I  \1      I'llS  -nil  IM,\  . 


(wliii  h  i~  I MT 1  u  iil.ii  h  (\i'|cni  Ml  \'miu  .iruiiuU  ml  iniiki  I  li\  .1  1  111  wiih  ,i 
^(.cl|>tl.  I  111  |ii(  |i,(r.il  11 .11  I-  iiiiu  n.i'K  liir  di  1  1  nl 'iil  imii.  I'ln-  1-  ln'-l  'Imn-  1/, 
11-111^;  .1  plan  ill.;  I  l.i'lr  I  _'  "i  (  11;  vuili  ,  '•  .  in  hull  ,in'!  I  (  in  1  Im  k  li:\  rllr.j  nn  oil' 
(■■lt;r  .in. I  ni'iiinii  .|  .mi  .1  unml.  n  ''  iii.lli  .  I.iil  .1  l;.i.>  1  .i\  ..l'  .ilxnit  ill  ■  -.um-  .Imi.ii 
■-lull-  i-  .imir  -,ii  i-l.i.  1..1  \ ,  'I . .  |i.  1 1.  ii  III  I  111'  .!(  .  rii|ii,,i  i.^n,  I  li.  .i|.(  i,ii..i  lii.l.hiu 
ill.    l,I,i.|i    III   ilii    li  11   li.in.l.  |.l.i.  1-  ill.-  r.l^.    .Ill  ilir  mil.  Ill  .1   ill. Ilk.  .ml  ImM-  tli. 

1. 1,  nil     1.1    I  111     1.1,1.1.       I  I    I  l^lll    .llli.;li--   Id  I  111     |il.lIH     111    I  111     In  .I'l.         I'lV     Ml.    Ill-  .it    ,1    ll.M\  > 

in.illi'l  1.1  li.iiiiiiii  I  ,  il  .111  .i\  1-  ii-r.l  111  1.1  111  llii  il^l.l  li.iii.l  In  ^'i\.-  llii  M.iilc  ,1 
li^lil  Irl'iw  -.  i  ,1-  III  iii.ikr  I  111  1  lUi  1  ii.;.ui'  I  111  -kiill.  '  iir  l.li.l.'  Ill  iiu  Ih-M  ,1.  rin.iliK 
1 1.1 1 1-',  I  I  -1  1. 1  I  111  1.  iiu  'I'^i-  "I  t  ill  -kiill  .111.1  iliii  I  If"!  -Il  1 1 1.1 1  w  li.n  I  111'  111'.  II I  I-  rut 
ilii.iiicli  I  111  1  'Ici  u  ill  -1 1  ikr  .1  iii.irk  III. nil-  ..II  t  In'  until  i.l.iti'  ul  I  In'  li.i-r  nl  I  lu- 
ll.11.;  in '  .,11.11.1.  I  hi  ,  i|iri,il  lull  i-  1  Inn  1  .iiii|.l.'li  .1  liN  ipiiK  iiic  .1  1  .iii].l(-  .il  -Mull.; 
1. 1.  lU-  .111.1  ill.  i|i  I  I  111  nil  1.1  .inr.i.il  1-  '1111111  ili.ili  l\  1 1  iiiiiv  1  .|  Inn  1 1  1  In-  -Mini  .unl 
|.i.ii  i-.l  .III  11-  li.n  k  1.1 1  1  In-  l.iiili-,  1  hi  m  1  k  1"  in.;  .;i-.i-|ii  ■!  u  n  li  I  In  lnuii  .unl  I  h  11  ml. 
iii-l  liil  lu  llii  li.iii-\ii-r  |i|..i.--  lit  iln-  .ill.i-  -.1  .1-  1.1  iiiiii|.ii—  lln-  \iitrlir.il 
.11  111  11  -  I  In  111  .1.1  I-  kr|ii  ill  \  ,ili  1  In  iliiiiini-li  h.cini.i  I  li.i^i  .  iinl  1  1  Inri/.ii  imi  1- 
ili-i  1  ml  mill  i|  In  in.m\  .mini.il-  iln  1 1 -)  m  .11  mil-  1  r.i-i-  Inr  .1  I.  u  iin  inn-iil -.  .unl 
.11 1 1  til  1,1 1  I  r-|  III  .1 1 II  111  in.iv  1.1  111  .  1— .11  \  I  In  A  u-ii  ill\  1  It  inn  -|H  iin.iiii-iiii-l\  ,  Init 
It  I  ln-\  i|i>  iiiil  ill.  -11.  I  In  \  1  I  li  I.I.  il  .1111  1 11-  -In  mill  1m  I  nun  lint,  in  K  rrli.i-i-il  -.  1  i-  tu 
.illiiw  -..nil  111. I. Ill  III  lli.u  l.i  lln  n -|in.ili>!  \  iriitii.  I  he  lilrrilm.;  Imni  tin  1  iit 
.11  111--  llii  hi  .111  1-  n.it  ii-ll.ilU  -iiiiiii-  il  tin-  Milrl.r.il-  ,11.  lin.pi'lK  1  .  iiilpl .— nl 
.unl  \\iii  n  1  iinr  1 1.1-  In  en  .illuwi  i|  lor  i  loii  uil;  1.>  ."  i  in  iln  -c  11 1,1  \  In  (  .iiit  loii-K- 
ii  Ii  .1-1  1!.  I  in-K  I-  nil  p.ii  I  n  iil.u  ,i'l\  .iiil.i.;i-  m  1 1  \  iii;;  !..  ,11  1  i-li  r.il i-  I  In-  1  Ini  I  iiii; 
|i\  ,ippl\  iii^  ,il  1-1 II  111 -1 1 1  rot  I  on  uool  111  I  In-  uoninl.  It  ii-ii.ill\  t.ikr-  tiom  I.")  in  'Jtt 
mm  nil  -  In  ton  tin-  \  ii  li-lu.il-  1  .111  In-  1  in  ii  i-l\  n-li-.i-i-il  1  lii.ilK  .  'In-  rl.iinp-  .in- 
1 1  niii\  I  il  1 1  on  I  tin  I  ,uot  nl  ,11  in  n-.  1  nn  .u  .1  tiiin-  .111  \  lili-i-iliii.;  p.  .mt  in  t  in-  ri;t 
mii-i  11  -  In-iii^;  lii;.Ut  .1      .unl  t  In-  in.i.l  i-  i  ii-.l  lo  ,ui  npri:;lil  -0.1        .  kt-cp  it  1  lt-\  .itrd. 

rile  u^iilliiiiL;  ]iri|),ii,ili(iti  i^  >iiit,ilili-  Inr  man>  cxiHiiiiU'nt.il 
I)iirii(i>t>  '((liiMili  S!urriiii;t(iii'-  M.mim.ili.ni  lMi\  >i..l(i^\',  Tlu' 
(  l.irtiiildii  Pit  ->.  (  )\liii(l.  ' 

TIu-  tildoil  l)^^■-^-llI•l•.  .iltliuimli  it  tn.i\  ri^'  ciiii^idtr.ililN-  wliilr 
the  \i  rlcliiMl-  arc  lifiiii;  comiiroMil  lin.m-f  cit  p.iiti.il  ,i>i)lu\iti) 
Mioii  Rttini-  1(1  aimiit  tin-  iiiirm.il  \v\<-\.  .iini  tlic  ropinitury  ctntrt.' 
ropdinl-.  Id  (  haiii;i'^  in  ("n  "'  ''"'  1'1"'"1  minli  iiiurr  proinijtly  than 
ill  .inac-lliiti-fd  mimal-.  \\  li\  -Imuld  tlti*  \>v  \\\v  imm-:'  It  i> 
parliiiilarK  in  tlit-  -link  nl  ift'kx  a(li(ii>>.  h(i\vt\ir.  tliat  the  pre- 
p.iratioii  i>  ut  \aliic.  altlimi^li  (irt.iiii  <il  tlu'in  ari-  nia>k(.(i  by  thf 
(Ifct-irliiatc  iii;iilit\  wliich  (li\ cliij)-  Sincf  t!u'  M'ctiuii  if  propt'rly 
niadf  i;«)r-  tlinmuli  llif  nu-cin  riih.iliin  jii-i  lnhiiid  llu-  aiui-rior 
(■(irpiiiM  ini.idri'^iiiiiiM,  tillrxo  iii\  nU  iiii;  I  lie  luad  nid  ot  t\\v  aiiitriiil 

1.     I'lii     I'iNNV    Km  II  \       Pint  h   or  -liL;htl\    twi-t   the-  tip  of   the 
piiiii.i  lntwti  II  llu-  tini;>  r  .iiid  tliiimli.       Ihc  ri--i)iii!si'  consists  of 


1 


TM!.    1)1.(  IKKItkAll      rkirAKMloN.  — ' 

a  .lui.k  ntr.uti..n  ..f  thr  piniM   ,u  rumiMnir.l  nftm  l.y  a  f.-Llin;; 
h.uk  .'1  it-  tnr  t:i(l. 
)      Till'    Vor-Ilf  Kl  Ml  K.  -  I'n.  km  up  -I  \hv  car-  wlun  a  -haq. 
suun.l    i-   ma.ir   a.  l>v   .lapping     lu    ha.ul-.      Tin-   nll.x  ...rur- 
nnlv  when  til.'  MTti.m  i-  turwani  <>i  \hr  at.t.rior  r,,rp..ra  Mi'ad- 

riv;tiiiiiia. 
:i      Till      Dl'.l!   llll.iN     Klllix       Swallowing;     in.-vnn.nt-     wlun 
watrr  i-  .In.ppc.l  Mu  thr  Imm^  ..f  tin-  l.muu.-.      Nutr  tlu-  1..  haviuur 
.,1  tlic  n  -pnatorv  m,,vr.n.nt-  .Inriiiv;  thr  -uallow-,      R.prat   tlir 
, ,h-rivati..nl.v.lr..ppin«tlu' water  unvari.m-i.art-..tthftni!;;n.-. 

Ol.Miv.    thr  tfhvt  ..n  -wallowing  pn.lu.r.l  l.v  i.n-Mu;;  a  inM.M- 
nu-.l  rani.r-  han'  l.n.-h  m,   thr  i.harvnx.      In  (-nhr  I.,  .l-  tin-, 
it  i-  ,UHV-arv  lu  -lit  thr  -..tt  palate  in  tiir  mid  linr.     Thr  m(.%.- 
mrnl-  of  ilir   vo.al  .■onl>  .an   iva.lilv  In-  <.l.-rr\.-.l   hv   n-u.v;  a 
l.ir\ni;ral  mirror. 
4      Till.    Hi  \i.-ii\Ki      Kili.i.v.      K.«l'i-1     -li.ikmi;    m,.v.-m.nt-    in 
n,,arv  .lir.'.t  i,.n   whrn   air   i-  Mown   mt..  thr  .M.^rnal   auditory 
m.atu-.     Th.-  rrtlrx  mav  al-.-  1..-  .li.  itr.l  l.y  -<iuirtiii:^  ...l-l  watrr 
Irom  a  -\riimr  into  thr  rar. 
-,.    Till.    I'l.i.MON    Kiii.ix       lU   painful  -timulati..ii  of  th.'  j.aw  - 

llr\ion  at  knrr  ami  hip  .x.ur-. 
(i     Till    Km  I    Ii  KK.    -(Jui.krxtrn>i..n  (ki.ki  at  kiuv  pro<lu..<l  by 
tapping  thr'patrllar  t.u.l..n.      N'«'tr  parti,  ularlv  that  thr  rrturii 
,,f  thr  K-«  aftrr  th.'  .■ontra.ti..n  i>  n..t  .  ..iniiUt.-,  and  that  it  thr 
t.n.lon  !.r  tappr.l  at  >hort  intrrval>  ihr  kiur  l.r.'omr>  m..rr  ..r 
U-  prrmanrntlv  .•xtrii.ir.l.     Thi>  rr^ull  .l.p.n.l-  on  a  n.ntrar- 
ti..n  rrmain.lrr.  whiclt  i>  a  fratur.'..f  thr  'ri:4i.r  postural  mu-.lrs 
in  .Ir.rrrl.ratr  pr.paratioii-.      In  th.'  -i)in.il  animal  th.rr  i-  no 
po:,tural  hyprrt.inus  >..  that    ihr  Ir^  pa-ivrly  fari>  l-a.  k   t..  its 
prrvious  position  aftrr  tlir  jirk. 
Thi-  scratch  ri'tl.'x  is  not  j)rr>rnt  as  a  rulr. 

Thi'  most  -irikinvi  rrtl.'X  (<.nditi..n  pro.lucrd  hy  thr  .l.'.rrr- 
l.ration  i>  th.'  rigidity,  whi.h  it  can  rra.lilv  l.r  -rrn  affrct^  parti- 
rularlv  thr  rxtmsor  ipo-tural)  nm-.  ir>.  Thr  rigidity  i>  n.-t  of  thr 
samr  nature  as  thr  trtanic  .  ..iitractioii  pro.lu..'.!  by  ..mtinuoiis 
stinuilati..n  of  thr  motor  nruroii.',  for  thr  mu-<  Ir  yirld>  t..  a  slowly 
appli.'.l  pull  an.l  dors  not  spring'  "■>'  k  to  n-  oi.i  p.-ili....  when  the 
rxtrn.iinK  h'r.v  is  rrmovrd.     Thi-  i-  t.-ti-.l  l.v  l.rn.liny;  thr  kn.v  or 
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tH)C)W  joints.  The  rondition  has  therefore  been  styled  'reflex 
POSTURAL  tonus'  and  it  can  be  shown  that  the  weight  recjuired  to 
counterbalance  the  rigid  muscle  is  practically  the  same  whether 
muscle  is  lengthened  (knee  in  extension)  or  shortened  (kntc 
in  flexion).* 

If  tht  preparation  is  still  in  suitable  condition,  the  experiment 
should  be  tvTniinated  by  exposing  the  lumbar  portion  of  the  spinal 
cortl  and  cutting  the  sensory  roots  of  the  nerves  of  the  hind  limbs 
(see  p.  \yS).  What  ifTect  has  this  procedure  on  the  decerebrate 
rigidity?     What  conclusions  do  you  draw  frnm  the  result >.■' 

•The  111  x(ir  miisdis  a(tin^,  on  ilii-  joint  .-lioiilil  l.i-  paral.Mii  l>y  (uttmn  thfir 
n( TM-  in  ttstiiiK  llusc  |Kiitus. 


CHAPTHR    XXXVIII. 
THE  DECEREBRATE  CAT  II. 


THE  DECEREBRATE  PIGEON. 

TluTi-  ..I.-  <vrt.iin   tun.lanunt.il   ntl.'X  n.utiun^   uhirh   ran   hv 
.tu.lif.l  unlv  att.r  .  ..n-i.l.ral.lr  ..pmitivf  pnparalinn  ul  tin-  annn.il. 

(),U.  ut    thr-i-   i>   Kl.   l.'K.KM.    IN.mUi.uN   which   tlu'   h-UoNVU,^  tX,KT.- 

mcnt  -Um-.-.I  hv  SlurrinKt.m  .  kMrly  .i,ni..n>tr.Ufs  In  it  ntUx 
i„hil,i,i,.n  i>  .Umon>tratr.l  of  thr  pla^t.r  tonus  ot  tin-  cxtrnsor 
.„u>rl..  ot  th.  knrf  in  .Irc.Trhratf  riKi-Hty  .i.xl  ot  the  sanir  nu,M  Irs 
while  a.  tivdv  rontra.  ted  as  a  rr>ult  ot  retUx  st.nu.lat.on. 

Demonstration  17.  ,     ,       , 

Wlun.v.r  hloclini,^  h.,s  s.„p,Ha  fr.„n  the  n.ck  .t.unp  of  a  -i.ccrd.r,...-  ,.n-- 

paration  '.-.a  -  this  is  pUu.M  on  its  l,.uk  „n  ,i  w.H-lu.,a-.   o,.er,U,n«  t.jhk-  .>.u   tic 

,i„.l  H,nt.s  tu.l  in  .m  -xtcna..!  ,H.sit„.n.     W.th  the  l.ft  \.^  well  .U\ucu-A,  an 

n      ion  i.  n,a,l..  aU.nt  :.  n..  lon«  Mown  th.  thi.h  towards  tl.-  <."t-    K.n  cr.  and 

h-n  curv..,l  across  the  th.^h  towards  the  inner  U>n.,.r.     The  Muntlv  \ -sha,..! 

kin  flap  i.  rc.kccl  alon«  with  the  suUutaneons  fat  tnw.irds  the  „H..l>an  hne. 

.,  as  to  ex,K,>e  the  femoral  artery  and  vein.     AU.ut  S  en.    outs.de  the  artery 

will  iK-  seen  the  psoas  muscle  with  the  fenv.ral  nerve  enuT^inj;    rom  .t .      I  here  are 

,l,r.e  branches  of  the  ner^e.     Of  these  the  o>itern,ost  (a  small  branch  ,  run,  to  the 

s.r.orious  n.uscle  and  is  cut,  the  middle  M  lar.e  branch^  run-,  to  the  ,,ua,  r.ceps 

extensor  .>nd  is  left  mtact  and  the  innernu.M   ,.i  snudl  branch.  >s  the  saph- nous 

nerve   which  also  is  cut.     Finallv.  the  psoas  n.uscle  is  cautiouslv  cut  across  puce 

by  piece    u^n,  Mnall  sci.sors  for  the  pur,H.>e.      Hy  these  operations  the  flexor 

.nuscles  of  the  hip  j<.int  are  rendered   incapable  of  .ictin^c  on  th.s  jomt.      I  he 

operations  are  reiK-atcd  on  the  rinht  le«.  ,  ,i 

The  sciatic  nerves  on  both  sides  must  novv  l)e  exposed,  cut  low 
<lown  and  the  central  ends  placed  in  Sherriti^tott'^  electrodes,  the 
branches  of  them  that  run  to  the  hamstring'  muscles  beu.K'  sev.recL 
Bv   this  latter  operation   the  knee  ynni   \>  rendered   mcapable  of 


To  accomplish  these  <.bject>  an  incision  is  made 

,...a  line  of  the  back  of  the  thigh,  starting'  above  from  a 

hvav  between  the  tuber  ischii  and  the  gre.it  troch.mter  and 


active  tlexion 
down  the  mi( 
point  mic 

continuing  down   to  the  outer  con< 
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Ivle  of  the   femur.      IVom  the 


SU) 
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11] I] .cr  ,111(1  lower  fiul-  I.I  tlii-  im  i-inn,  -Ikhi  iiu  i-ioii-i  .iri'  ni.ulc  .icin-- 
the  liiiiK  .111(1  the -kill  111])  i- rttl((  iid  tnru.inl.  At  tlir  uppir  iii-l 
(it  tin-  t\iMi-i  (1  uiiiiiid  llu  lii\v(  t  cilLit  (il  llif  n  l,itiMl\-  ■in. ill  ijliitiu- 
iii,i\iiiiii-  inu~(  If  i-  in.ii'c  (lilt  M  -111, ill  \(in  niiiiiiii'v;  .ildiiv;  il-  lower 
liorder  ,111(1  i-  I  lit  .It  it-  lou  er  end  .iiid  relle(  ted  iipw  .ird.  It  i-  now 
|i(i— iMe  |i\-  iCtr.K  tillK  tile  nill-i  1<  -  luluet  li  \\lli(  h  it  lie-  to  -(  i>,ir.ite 
ihe  -(  i,iti(  iier\c  ,111(1  to  111. ike  out  .1  l,ir:ce  lir.iiu  li  j).!  — iiiu  li.u  kw.ird- 
iroiu  it.  'I'hi-  i-  liie  li.iiii-triiii,;  iier\e  .iiid  it  i-  (  iil .  Ihe  -ciatii 
lier\t-  i-  ne\t  I ol lowed  (low  llW.ird-  to  where  the  two  di\  i-ioll-  ot  tile 
iniiik  ijieroiicil  .111(1  tilii.ili  di\(ri,;e.  A  lii;.iliire  i-  tied  .iroiind  the 
!ler\e  .It  ttli-  Jioillt.  the  ller\(-  lilt  (li-t,ll  to  the  li',^,ltlire  .111(1  llu'il 
(■entr.il  end-  jil,i(((l  in  Sherrington'-  ele(  irode-.  Il  will  he  iioti'd 
til, it  the  .ilio\c  nerve  -eciioii-  render  pr.uiicilK  .ill  niii-i  le-  in  the 
tlniL^h   iiu.ip,ilile  ol   ri  tle\  (ontr.ietion  e\cei>t    the  e\ten-or  inii-iK'>. 

It  i-  now  IK  (  (  — ,ir\  to  .irr.inice  lor  ',^r,iphii  record-  ol  iika  eiiieiits 
,il  the  km  e  ioiilt.  lor  ih.i-  Jiurpo-e  the  le;^  i-  .mipiit.ited  ne.ir  the 
.inkle  joint.  Alter  t\in'^  .i  -tout  in.i--  lii;.itiire  thie.ided  l.\  ,i  p.uk 
nei  (lie  iliroiii;h  the  -kin  .md  imi-ele-  .iroiind  the  -tump  -o  .i-  to  hold 
it  in  pl.H  *  .1  til  re.  id  i-,il-o  ,ilt,i(  hed  t(  i  the  >kiii  ( >l  t  he  -I  iimp.  .iiid  coii- 
lU'cted  with  ,1  -nii,iMe  inii-cle  le\er,  ii-im;  imllev  -  it  iiece— ,ir\-. 
The  tiiniir  iiiii-t  ,il-o  Ik  iiiinioluli/ed  .it  it-  lowir  end  -o  th.it  the 
knee  ioilll  ni.i\  lie  held  ill  .1  tle\ed  po-itioll  .111(1  the  -liiillte-;  mo\  e- 
i;:,-iit  .It  thi  joint  recorded  w  illioiit  di-t  iirl  i.iiice  1>\  .in\  other  nioxe- 
iiunl-  of  the  ])repar.itioii.  1  nr  thi-  jmriio-e  it  i-  nece--,ir\  to 
in-trt  ,1  ihrt.ided  -teel  pin  into  the  ((.iidxle-  ot  the  lemur  on  their 
nil  (li.in  ,i-i.e(  t.  To  in-ivi  the  drill  pin,  .m  ordin.ii  >'  drill.  procur.iMe 
.It  .in\  h.irdw.ire  -hoi),  i-  u^ii\.  Ttie  drill  head  i-  unMii-wed  troin 
the  pin  .itii  r  tlii>  h.i-  In  in  -crew^d  into  the  Iw.ne-  .ind  ,i  Ur.i--  roi'. 
thre.idid  .it  one  end  -o  tli.it  it  tit-  the  ihre.id  ot"  the  -cnw  pin.  i^ 
c(Miiie(  ted  to  the  pill  with  it-  oilier  end  held  1)\  .i  (1.1111])  to  .iii  iip- 
rit;ht  -i.iiid. 

The-e  i)icliiiiiii.ir\  oiHr.itioiis  beiiii;  completed,  the  i)rep.ir,iti(m 
i-  pi, iced  on  il-  riuht  -ide.  .md  the  lemur  ot  the  Ut'l  thii;h  .irran^ed 
-o  ih.ii  it  i-  -upiiorted  \>y  the  drill  pin  .iiid  br.i--  rod  in  a  iie.tfK 
xirticil  position,  with  the  hips  flexed  almost  to  .i  rii;ht  .miile. 
In  ca.-es  in  whi(  h  ilie  (le( crehr.ite  riuidity  is  m, irked,  the  lett  knee 
will  1k'  ne.irK  eMeiuK-d.  It  it  is  not  so.  it  may  hv  jil.u-ed  in  this 
l)ositioii  by  passi\e  extension  i  the  sliorteiiiiii:  nactioii  what  dofs 
it  (Upend  on.-') 


Till      \)\i  I  K!.liK\l  I      I'Kl   r\K\  lln\. 
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With  rvcAtliinu  rr,,.lv  tM  i,,kc  ,.  cr.M-ln.  rr.,,nlnl  thr  .n..vr- 
„u.,U.  Hi  llir  Kit  Ux.  ihv  ShrrrinKt-n  .Ir.  1.,..!..  ,.rr  nmnr.ti.  <>,. 
l„,,h  M(l.-  .a.h  uilh  .1  M-iuratr  ii„lu.  toriuni,  .mM  thr  n-...nhiiv; 
,lnim  h.iviim  I'^vM  start.. I  th.^  1.  It  >.  i.iti.  i~  Mimul,.t..l  n...iiunt,.nlv 
uith  .1  tHaniM.iK  -urn  nt  .,1  m.-U  r,...-  Mr.  n^th  llu-  Uv;  Amv-mU' 
lUxi.-M  iK-.ausc  .,1  r.ll.v  inh,lnt,nn  nt  tlu  i-uMural  touu^  D-.-- 
,1h-    l.'^    v;..    I.a.k    tn    il^   .■M.iul..!    pwMti..n    uluu    llu'    -tuiuilu^    .> 


rt  ni<)\.(i 


.\  similar  -tiimihi^  i-  appli.-l  t  ■  th.-  ru;!il  -  iati.  ,  uh.n  a  r.tl.'X 
r,,„tra.  ti.m  nt  lUr  1.  ft  .  xt.n-nr  muM  I.'  uiH  n. .  ur    .  m^^.l  .xt.nMnn 

ntlix  fxv  p.  21S1. 

Finallv  it  can  lu'  .l.Tn..n-tral.<l  that  thi-  ntl.  x  ...ntra.  turn  i> 
inhn.iU.l  thnmuh  ^i.nnlatinn  nt  th.-  .  nutralat.ral  -.aatu  turvi-. 
T,,  .In  thi-  th.-  riuhl  M  iati.-  i^  Mitnulat-.l.  ami  ^^h.•n.•v.■r  th.'  tra.  ..,« 
.h.AN-  that  th.-  h-ft  .xt.-,.>..r  mu>.l.-~  ar.-  .!..  i.U-.llv  .-.Mitra.t.-.  .  t  u- 
h-lt  M-iati,-  i-  -imultaiu-.mslv  >timulal.-.i  L-r  a  Ln.-t  lurm.!.  t  th.- 
nn.p.-r  Mr.-..utlt  ..f  >ti.u..lu>  i^  ..nplnv.-.l,  it  will  1>.-  nl-rv.-,  that 
,lu-  .-xt.-„-.M-  r.-lax.  Th.-..-  nl,M-rvati.m^  >linul.l  Ik-  r.p.  at.-.l  u.th 
stitnuh  .,f  varvin,  Mr.-,.,th>  ami  .lurati.m.  Wh.-.t  tlu-  Mnnulat..,., 
„1  ,|n-  I.-lt  M-iati.-  is  .li>.-..ntimi.-.l  whiK-  MiU  maitUanunu  that  nl  th.- 
riuht  th.-  tnUM-K-  u...->  l.a.k  ,n  th.-  ...ntra.  t.-.l  Mat.-.  Drau'  a  .ha- 
uram  tn  sh.,u  th.-  pml.aM.-  arrani;.-nu-nt  ..t  th.-  r.tl.-x  patliuav^  ... 
th.-  spinal  t-nr.l. 


DECEREBRATE  PIGEON. 

Demonstration  18.     Whil.    n...U-r  th.-  ...th..-n..-  m  .-th.-r  th. 
-kiill  i-  .-xp 


,N    a   trail-.. -rM-  i.i.  i-i....  .-t   tlu-  -k..i.      .\  I'i'"'  "' 


iH.m-  iuM  la>-^.-  .....uuh  t,,.-xi..,M-  tin-  ,.-r.-l.n„n  ,^  .lui-k";.  ■..nns.-, 
In-  -larp  Mi--n,-.  Rv  t.u-an-  .  >t  a  'Ja-^  tulu-  .  .  mn.-.t.-.l  w.th  a 
Mt.tinn  ,u,.np\  th.-  .-.■r.-h.-.nn  .-  m,.  k.-.l  up.  (  .r.at  .a..-  n...M  1.- 
tak.-n  t.,ax....l  i..in.v  t,.  tlu-  .  .-..b.lhnn.  a~  th.  r.-  i~  nn  ,.-nt.,r,nn. 
in  ,lu-  ,„K.-n.,.  Th.-  a.Ka..ta^.-  ni  thi^  .n.-th...l  . .t  .l.-.-.-r.-l,rat.,m  .^ 
that  tin-  M.M,.l  is  su.k.-.l  auav,  ihn-  allnwin;^  a  .  l.ar  m.  u  nl  th.- 
tu-hl  nl  .MH-rati..tK  Th.-  .avitv  i:-  plu«^.-.i  with  al,~..rl,.-..t  ...tt.m, 
an.l  th.-  skin  M-wn  ui..     Tlu-  a.  Inal  .1.-.  .-r.l.ratinn  ^h,„.l.l  tak.-  hut  a 

■-^Th;:!..!.  -  ^huul.l  1  .-  >l.-stnK  .lr..N^  n  out  «i.h  ,>n  ...H-nln,  .'  ..r  :4  r.un  >n  ,i,,.-,..-..-r. 
Thi.  .uU-  is  omn,-.  ,.-.1  !.v  ruhl-r  tuhi.,,  U,  ,.  hl.-r  tl.-k  m,  that  .  n-  l.ran,  .  „M.e 
will  ni)t  U-  (Ir.uvi)  iiun  th.-  p'.ii-.ip. 


2;{2 
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I  III'  o[Kr,ili(Mi  vliould  111'  ptrforimd  ,it  lf.i~!  two  or  thrcf  h(iur> 
1m  fine  the  nliMTvatioMS  .iR'  to  1  )i  m.uU'  ill  onlcr  to  [Mrmit  (omplt-tt- 
r((<i\iry   trom    tlic  ether. 

A  (lei  t-relirale  i)i^eoii  li,i>  no  meinor\-.  thiielore  no  Mii^e  of  fe.ir. 
't  i>  not  conx  iou>  ol  painful  >tinn]lation.  It  s|ei|)>  iinles>  >tiiiui- 
lated.  It  >t.ir\e>  unless  food  i^  plarid  luuk  in  tlie  throat  >o  that 
the  swallowing  reflex  is  started. 

Stinuilate  tlie  |)i^eon  in  th»'  following  ways: 

1 .  I'lish  it  in  order  to  ^'t't  it  to  nio\e. 

2.  I'rodiK  I'  ,1  loud  sharp  sound  near  one  ear. 
'A.   .\IIou   .t  to  siiiell  stronir  aniinoni.i. 

•I.  Stand  it  on  a  sheet  of  imtal  ami  KradualU  luMt  the  lattir 
until  loo  w.irni  tor  your  own  hand. 

').  II  the  liird  is  not  too  weak,  to^s  it  into  the  air  and  it  should 
lly. 

Make  notes  ol  till'  Ixhaviour  of  the  anini.il  in  re>pon>e  to  these 
sliinnli  and  expl.iin  the  result-.. 


cuArriiK  XXXIX. 


THE  SPINAL  CAT    SHERRINGTON  S  PREPARATION.) 

In  ihi-  i>n>( ciliirf  llu-  -pin.il  .i\i«  i~  <  ut  .ilioiit  \  in. in.  1m  hind  the 
jMiint  111  till'  '  .il,mui>  M  ri|)tiiriii^,  .mil  thr  >i)in.tl  .miin.il  lAliihit^  .: 
( <>ii>i(li  T.itilc  iiiiml'.r  of  iDiniiiix  nlli  a  niii\rnunls,  .iltlnMiKH  ''h- 
artrrial  MimkI  |)rt»urc  iriii.iin>  \i>\\.  S|)iinl.mti)ii>  risijir.iliun-,  of 
cniirs*',  ri'.isf  entirely  mi  tli.it  it  i>  ne(i».ir\  in  .ipl'ly  .irtitn  i.il 
respir.itiiMi.  The  rniUrnl  nt  ImhIv  temper. itiire  .lUo  ili-^.tpjuMrs, 
iH(  eN-it.itin^  .iriiti(i.il   w.irnitii. 

Demonstration  19.  .\n.e~tl.eti>e  .1  (.it  deepU.  iiiM-rt  a 
tr.i(he.il  c.inniil.i  low  duun  .ind  liKiitf  the  (.imtid  .irterii>  mi  Imth 
sidts  of  tlie  mi  k.  I'l.ire  the  .inim.il  in  the  ijmm'  pii>itiiiii  .md 
hiildinsi  the  he.id  in  the  left  h.iiid,  111. ike  .1  wiiU'  tr.iiis\irM'  iiii  i>iiin 
throiiK'i  tin  >kin  n\ir  the  uci  ijjut  .md  ntnu  t  tin-  -kin  downw.ird 
so  as  tn  expose  the  niiisi  les  of  the  upper  end  ot  the  mrk.  leel  for 
the  tr.ins\er>e  proi  is-e->  of  the  .ithis  .iiid  (  ut  the  niu-i  les  .uros>  at 
the  pn-terior  ed^es  of  the  prorts^es.  ("lit  oft  the  ^piiioii-  pnwess 
of  the  .ixis  with  .1  hone  forceps.  Thre.id  .1  l.iry^e  p.u  kini;  needle 
(at  le.ist  ]."»  cm.  lonv;)  uith  >toiit  striIl^,^  .md  p.i-~  it  cIom-  under  tin- 
body  of  the  .i\i>  li.e.,  iiosterior  to  the  (rso|)h.iKiis  1  .md  tie  it  tiv;htly 
in  tile  dejiths  of  tlu'  cross  cut.  This  li^.iture  (onii)resse>  the 
vertelmil  arteriis  as  tluy  pass  lictweiii  the  tr.ins\erse  processes  of 
the  axis  and  atlas. 

The  anim.il  is  now  dec.ipitated.  I"or  this  piiri)ose  flex  the  he. id 
so  as  to  stretch  the  occipito-atloid  memlirane.  and  tliru.-t  the  point 
of  a  narrow  (  12  mm.  wide)  ;im{)utation  k  fe  throui;h  the  niemhr.im; 
moving  it  laterally  so  as  to  cut  the  cord.  With  the  point  of  the 
knife  restinj^  on  the  anterior  w.ill  of  the  spinal  canal  bend  the  hiad 
forcibly  to  one  side,  and  carry  the  edjie  of  the  knife  through  the 
opposite  occipito-atloid  joint.  Repe.it  this  procedure  for  the  other 
joint  and  then  comi)!i'te  the  decapitation  I;\-  c  iittin^  throuyjli  the 
reinaiiiinji  tissues.  If  there  i>  bleediiij^  it  can  be  >to[)ped  by  raising 
the  stump.  When  it  has  ceased,  bring  the  skin  tl.ips  together  over 
the  stump  and  lay  the  preparation  on  a  warmed  observation  table. 
Aillfuial  respir.ilioii  '■>  means  i.f  a  pump  connected  with  the 
tracheal  cannula  must  of  ("^Tse  be  instituted  before  the  cord   is 


IM 
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^tAiTcd,  il  lint  hft'drc  It  i-  ,ii|\  i^.ililr  to  w.irin  tin-  ,iir  from  the 
piiinit,  lull  u  111  tin  r  III'  Hill  llii-  i-  ilniic.  i;rc,il  (  an-  inu-i  I  >«  t.ikcii  to 
-(«•  lli.it  tlir  tt  ini>ti,ii  iirt-  III  till  iiii|).ir.tti(Fii.  uli-i  imiI  ti\  ,i  ( liiiii  il 
till  nniiiiu  t(  I  pi. Kill  ill  till  riitiiiti.  ilm^  imt  t.ill  1  i  n  -"HU'  timr 
.itli  r  thr  I  ill  .ipil.it  inn  lit  ill-  n  ill  \  .11  ti\  il\  i-  -Imu  n  |i\  tin  jui  p.ir.i- 
liiin  \\li\  i-  tlii-  the  i.i-i'  III  .iImuiI  iiiir  liiiiir.  Iiuuimt.  iii.iiu 
(  oiiinli  \  II  III  \  tiiiiM  lilt  lit-   I  111    ii-.iiliK    lit-  ilii  itiil        <  M  tin -(tin- 

tolliiwill^  ^IliiIlM  lir  -lllilinl;  tlir  inn\  i  lilt  lit  -  ni,i\  lit-  nriililfti 
h\  l\in:^  llin.nl-  Im  tlif  liiiul  'iiiili-  .iiid  ruiiiiti  I  iir<  witii  rtiliir'iii; 
It  \  t  r^ 

I.  Till  liiMiiN  KllllN.  I)\  .i|)pl\iir<  -titiiiili  lilt  I  limit  .il. 
clfi  tiii.ili  tn  till  -kill  i>l  tin  loot  or  -t  iiiiiil.il  iiit;  tin  iiiitr.il  iinl  ot 
onr  ol  tlif  -tii-or\  iiir\t--  '  |ii  nun.il  1  with  tin-  ttLiiii-iiiu  riiriiiit. 
'I'lif  l.ilint  liiiif,  i;i.nliiii;  ol  iiitrii-it\.  --imini.it  ion.  rtr..  in.i\  !»«■ 
>tnilitil  1)\   tin-  |iioi  fdnn--  .ili'-.nK   i|t-rril  nil  on  p    'Jl'.l. 

■J.  'rill  Km  I  \\HK.  \<\  |i.i--iMl\  ;lf\iiii;  till-  kiiif  ioint  ,unl 
t.ipi)iiii;  llif  p.itill.ir  trillion.  Ilif  |iroiii|ii  .iinl  linip-likf  rttiirii 
ol  tlif  It".;  to  it-  ori'^in.il  |]o-itioii  -Inmlil  It  i  out  r.i-lt -I  uith  tlu- 
i;r.nlii,il  .mil  iiiiiurliit  ntiiiii  oli-ir\til  in  .1  ili  rtn  hr.itf  pn  p.ir.i- 
tioii  1 1 1.  L'L'7) 

'A.  Till  N  KAli  II  Rill. I. \.  li\  -trokinu  tin-  -kin  .il  tin-  -iilf  ot  tin- 
iiirk.  Thf  MT.iti  liiiiv;  iiio\tiintit  ot  thf  lioniol.ittr.il  liiml  linil>  i> 
no  I  -o  c.i-iU  lAokiil  .1-  in  .1  >pin.il  iliii;  tli.it  li.i-  n  io\iriii  Iroiii  -hot  k, 
iiinl  it  ni.iN  not  .ii)|ii,ir  iiiilil  tin-  ilt  r.ipit.ittil  .iiiini.il  lii--  liitn  p.ir- 
ti.ilK  .i>pli\  xi.ilfd  li\  di-(  ontinuinu  tlu-  .iriitiri.il  n->i)ir.iiion  tor  a 
niiniitf  or  -o.  Sonnlinu-  tlu-  pn-i),ir,iiion  -how-  .1  h\  pfri-\rit,il>k' 
MiMtth  ritU-\,  lull  thi-  ottni  tKi)fiid>  mi  iii,tili-i|ii.ilf  luilnioii.iry 
vtnlil.itioii.  W'luii  it  oitiir-,  thf  rt.-spir.itor\  ai)par.itiis  -honld  Ik- 
•  ■xaiiiiiud  .mil  thf  tr.i('lu:al  i.mtuila  ckMri'd  ot  any  nuit'ti>  tli.it  may 
lif  ititfrffriiiiL;  with  thf  trif  pa»agf  of  .lir  into  aiul  out  ot  thf  liiti^s. 
It  thf  M-rati  h  ri-llfx  is  ni.irkf.d.  it>  inhibition  ina\-  ffadiU  bf  (Ifinoii- 
stratfd  b\-  stiimilatitii;  thi'  ifiitral  fiul  of  the  pfnuif.il  lUTVfs  ol 
litlifi   li->;. 

4.  SriMi  i.ATioN  Ol-   Till.  l'osri:KU)K  Coi-i  mns  ok  tiik  Simnak 

("oRi),b>  fxiMisins;  thf  upiKToiui  of  the  sfverfcUord  and  stiimilatinn 

•      I       't*i  -1  ••(-II  '  *. 

I)\    llu-  iinipoiai    iiR-Uioil.       I  Piis  otiStTWition  is  oi   \iiiui."  i)fiiiu;->i"  11 

shows  that  stiimili  dfscfndinn  by  tlu-  main  sfiisory  pathways  of  the 

cord     bi'Caiisi'  thf  hbrfs  transmit  in  both  (lirection  (of.  p.  4"))-  flow 

into  thf  collatfrals  which  arf  ailjaaiit  to  thf  iK)int  of  entry  of  the 

fibres  into  the  eonl.     To  make  the  observation,  place  an  indifferent 


Tim.  si'In  m    I'ki  r\k  \  i  ion 
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1)\'  iiickiiiL;  .i\\.i\  tin-  >liinip-~  nt  tin-  .irlitiil.ir  prmt^M-^  1  In-  7th 
^.iii>.;limi  lit--  mi  .i  lint-  with  tin-  ili.ic  rri->t-. 

liii.ilK  il  i-  iMi|)iirt,iiiI  III  iiM-  thf  ilic.ipil.iti-  jiri-p.ir.tlii  m  In 
>tuil\  ttu-  \.triiui-  (■miililimi>  uliitli  tniitnil  nil-,  akii  Ki\i.  iii.inii) 
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nui>t  iKit  l)f  ninri'  tli.iii  .ihout  .')()  mm.  H^. 

Tluri-  .iri.-  i-irl.iiii  \.iMiil.ir  ri-.n  limi-  whiih  it  i-  fspici.illy 
valuahk'  to  iii\ f>tij,'.itr  in  thf  (k'c.ipil.iti.-  pri-p.ir.itimi.      ThrM-  .in-: 

1.  Thi-  tliict  .t  stimul.ilinn  of  thi-  >pin.il  cdrd  nn  thf  lilnnd 
prt'ssiiri'. 

2.  Thf  tt'ffct  of  var%in^  .mi(nint.>  ot  fpiiifphrin  injfctfd  into  the 
femoral  vein. 

II  The  eflfert  of  pituitary  e.xtract  similarly  injected. 
4.  The  effect  of  asphyxia. 

This  last  grnup  of  observations  may  be  done  by  advanced 
students. 
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